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Abstract 


The H incompatibility group of plasmids have 
played an important role in the mediation of anti- 
biotic resistance in a number of medically important 
pathogens. They are characteristically large(>100Md), 
have a thermosensitive mode of transfer, and are unique 
amongst incompatibility groups in that they do not 
always show a high degree of DNA homology with other H 
plasmids. Based on batch DNA homology studies, three 
subgroups of H plasmids have been defined such that 
members of a given subgroup show a high degree of DNA 
homology with one another, but not with members of the 
other subgroups. These subgroups are called HIl, HI2, 
and HI3. A related group of plasmids designated HII 
have been described which are compatible with reference 
H plasmids, but share similar features to the HI group 
in that they are large and determine H pili. 

This study concerns itself with a further examination 
of the molecular relationships which the H plasmids share 
through the use of restriction enzyme fingerprinting, and 
the Southern transfer-DNA hybridization technique. The 
isolation of H plasmid DNA suitable for such studies 
depends on the separation of this DNA from the bacterial 
chromosomal DNA. The isolation of large plasmid DNA has 
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closely resemble those of the chromosome than small 
plasmids. In this study, H plasmids were successfully 
isolated by three techniques. The merits and difficulties 
of each of peter Rea 

A representative member) OL,each-of, the three HI 
plasmid subgroups was digested with a number of restri- 
ction enzymes. A diversity of restriction enzyme clea- 
vage patterns was noted, and there appeared to be no 
bands common to all three subgroups. These subgroups did 
however show trends in the frequency of cutting with a 
given enzyme. Within a subgroup, plasmids had similar 
restriction enzyme cleavage patterns. 

Southern transfer-DNA hybridization studies using 
a nick translated HI1l plasmid as a probe revealed that 
there was a small but distinct amount of homology among 
the members of the three HI subgroups. Of particular note 
was the hybridization of the HI1l plasmid to the HI3 plasmid 
digested with PstI, in which the homology observed was 
limited to three fragments in the 2-3kb size range. Within 
the HIl subgroups, extensive DNA homology was noted in 
these hybridization experiments. An HII plasmid included 
in this study also demonstrated a small degree of homology 
with the HI1l plasmid. 

Presumably, the restriction fragments showing DNA 
homology with the HI1l probe are responsible for some of 


the common phenotypic traits shared by the H plasmids. 
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CHAPTER I 


INTRODUCTION 


Bacteria often contain covalently closed double 
stranded DNA molecules which exist as distinct entities 
from the bacterial chromosome. These DNA molecules are 
called plasmids. Plasmids may code for a variety of 
Genecticeckaits ranging from )-their own replication and 
maintenance to a number of metabolic functions such as 
resistance to antibiotics and heavy metals. Plasmids 
have also been shown to specify a number of properties 
that contribute to the pathogenicity of an organism 
such as toxin(Smith,1974) and hemolysin production 
(Smith & Halls,1967; Goebel & Schrempf, 1971) or the 
production of antigens associated with ixnileree (orsiver 
& Orskov, 19667 Smith & Lingaqood, 1970). 

Some plasmids are capable of promoting their own 
transfer to other bacteria through a process called con- 
jugation. This allows the spread of plasmids to sensitive 
populations including inter-species transfer. Plasmids 
which are capable of transfer are called conjugative 
plasmids. 

Plasmids coding for resistance to antibiotics (drug 
resistance plasmids)are known as R factors and are now 


found in many important pathogens including Salmonella sp. 
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Shigella, Pseudomonas, and more recently Haemophilus 
iniivensac (kB lweliy, ec "aly welo7o; bnorne: and Farrar, 1975), 
eandeNetssemla Gonorrnocec (Seggeiacteal » 91978; Phillips, 
1976). Plasmids are in a constant state of evolution in 
response to new drugs such as trimethoprim(Richards, 1978). 
Plasmids acquire resistance to antibiotics by transposition 
of DNA elements containing the genes for resistance (Hedges 
wmoacob, s 77 4-— Bukhari et al) 19/7). This’ constant 
evolution and spread of R factors has given rise to many 
complications in the effective treatment of both human 

and animal infections. An understanding of the genetics 


of plasmids may aid in the control of these elements. 


ia Classification of Plasmids 


Vast epidemiological data has been aquired about 
R factors since their discovery in Japan in 1958, and 
this has lead to a need to classify them into groups. 
The relatedness of R factors has been defined by several 
means, both phenotypic and genetic. Transferable 
antibiotic resistance plasmids were originally divided 
into two classes based on their effect on the transfer 
Ore Leese er actOr PD Ore b coll, a wwell characterized 
and studied plasmid(Watanabe & Fukasawa, 1962; Watanabe 
Stee) ee Ose po lasmads. which when present in 


the same cell as F inhibited the transfer of the F 
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factor were termed fi’, while those which had no effect 
on the infectious transfer of F were termed fi. In these 
early studies on the classification of plasmids as fit 
Oretis it) was noted that two fit factors were unable to 
SOeCxXiSt withimmithe samercell (Watanabe  etvalon 964 )e 35 This 
property, the inability of related plasmids to stably 
coexist within a given host cell is termed incompatibility 
and has been further extended as a general classification 
scheme for plasmids. The plasmids examined in these 
earlier studies belonged to two incompatibility groups, 
one for fi’, and one forefi.. Further workm@towclassciry 
plasmids by incompatibility testing showed that within 
the fit and fi classes plasmids could be divided further 
Into ancompatiba latyagroupsy (Chabbert: ethalsys1972;Hedges 
éa Datta, LO /2¢inedges skDattalyol973). That@is fit and 
fi plasmids were compatible but within each class, pairs 
of plasmids were incompatible:.. Incompatibility and com- 
patibility rekationshipsmare found in all®naturally occurring 
plasmids. Using this scheme, some 26 groups have been 
defined for R plasmids from Enterobacteriaceae . A detailed 
list of reference plasmids from these incompatibility groups 
is given in the book DNA Insertion Elements, Plasmids and 
Episomes, ColdaSpring Harbom, SNewuyork, Db977e.*Tablex? 
lists some of the incompatibility groups and reference 
plasmids from these groups. 

TG test the incompatibility of a given pair of 


plasmids, a plasmid( incoming plasmid) is introduced 
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Plasmids ticompattba lity Grolvpseand, thelr Hosts 


Inc group Plasmid Resistance and OTriginalmbacterial 
Example Other markers~* Host 

A RAL Su, Lc Aeromonas ligquefaciens 

C R40a Ap,Km,Su Pseudomonas aeruginosa 

FI R455-2 Ap; Cm, Km; > Ui,,om Proteus morganii 

Leia § RI Ap, Cm, Km, ou, om Salmonella paratyphi 

1 Bs CoLb-KO 5S CoLe Escherichia, col 

ELV. R124 errs. pL Salmonella typhimurium 

Hit Rea Aue Salmonella typhimurium 

er R478 Cn km, Cc). Le Serratia marcescens 

Hrs MIP233 Penrose sanmonel ha vOn io 

HII DER Svcd, “SO, lorTie Klebsiella aerogenes 

di R144 Kin, vow co re Salmonella typhimurium 

J R391 A Ali wr Lire se | Proteus: Heuirgers | 

L R831 Km, Sm Serratia marcescens 

M R466b sir; Lc Proteus morganii 

N N3 Soy7ouU7 I. C, UG pHSpLY “Shige! ba\tivexneri 

O R16 ADFomM,.C, ol Shrigeblaraysenteriae 

P RP4 Ap »KmeTc; Pseudomonas aeruginosa 

li Rest Km Proteus mirabilis 

W Sa CN PRM pom ,o0 Shigella flexneri 


a 
Apsanpaici lin:Cm,chlLoranphenicol;Sm,streptomycin; Sp, 


Spectinomvyecin;su,csculronamides;Tc, tetracycline; Hg 


mercuriec*’choride Km; 


pik ows 
Hsp; host specificity 


trimethoprim;suc;sucrose fermentation;ColB,colicin B; 


kanamycin; TeV potassium telluradte 
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into a cell containing a plasmid(resident plasmid). 
Selection is made for the incoming plasmid, and clones 
from this are then tested for the loss of one of these 
plasmids. Usually the resident plasmid is lost in such 
a test. Testing of plasmids in such a manner usually 
gives unambiguous results, but difficulties may arise 


LEON URStabLlLcye OL tLnesplLasmidspin) a given, host, 


Peele COLLe ation. oOL 1ncompatibility. grouping with other 


plasmid functions 


A)pRroduckion sof«pi bi 


Conjugative plasmids code for pili or sex fimbriae 
which are morphologically distinct filaments extruded 
from bacterial cells. It has been shown that plasmids 
within a given incompatibility group determine morph- 
Ologically and serologically similar pili(Bradley, 1980). 
As well there are a group of "male specific phages" which 
recognize these plasmid encoded pili, but not common or 
Type I pili. Examples of such phages are MS2 which 
absorb to the sides of F pili(Bradley & Meynell,1978), 
PRR1 which lyses bacteria carrying Inc P pili(Olsen & 
THOMasS Lo yo; Bradley, L97ojmrand Til which: is specific 
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B) Entry Exclusion 


One further plasmid encoded function which shows 
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a relationship, tO incompatibility is entry exclusion. 
Entry exclusion is defined as the ability of a plasmid 

to inhibit the entry of another related plasmid into 

the same host cell. The site of action of entry exclusion 
is at the level of the cell surface. Not all conjugative 
plasmids show entry exclusion, but when they do it is 


usually against members of the same incompatibility group. 


C4 Resistance determinants 


Resistance determinants of a plasmid show little 
EOErelacion WLEn Incompatibility. qrouping. This’ is 
Provably struc sincesmany) OL, Che ‘genes carried by plasmids, 
including antibiotic resistance, are located on trans- 
posable elements and the exchange of genetic material 


amongst related plasmids occurs rapidly. 


D. Molecular relatedness of plasmids grouped by 
incompatibility testing 


The amount of DNA sequence homology amongst incompat- 
ibility groups has been examined by DNA-DNA hybridization 
techniques. This involves the denaturation of the DNA 
species to be examined to single stranded form. Homologous 
DNA from the two species will reanneal in such a reaction. 
The amount of homology is monitored by radioactively labell- 


ing one of the species involved in the hybridization 
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reaction. The percent of DNA homology amongst plasmid 
incompatibility groups was determined by one of two 
methods of DNA hybridization. Grindley et al, Togas 

used a batch hybridization method using hydroxyapatite (HA) 
to separate single stranded DNA from double stranded DNA. 
Essentially, *H labelled and unlabelled plasmid DNA 
preparations were sheared to give an average size of 
about 0.2Md(300 base pairs). These were then heat 
denatured at 100°C, and were mixed and allowed to renature. 
A 2000-7000 fold excess of unlabelled DNA was used in the 
reaction to prevent renaturation of the labelled plasmid 
with itself. Following renaturation, the reassociated 
DNA was separated from single stranded DNA by the add- 
ition of the reaction mixture to HA equilibrated with 
0.14M phosphate buffer. The reassociated DNA(double 
stranded) binds to the HA, while single stranded DNA 
remains in the supernatant. The HA is removed by 
centrifugation and the double stranded DNA is then 

eluted from )this with’ 0.4M-phosphate buffer., The number 
of counts represented as single and double stranded 

DNA is then determined. As a control of reassociation 

of labelled DNA with itself, the unlabelled DNA is 
replaced with E. coli chromosomal DNA in a seperate 
reaction. The percent of DNA homology is then estimated 


as the proportion of counts of reassociated DNA (double 
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stranded) to the total number of counts(double stranded 
plus single stranded). Of course, the calculation of 
this value takes into account the percentage of reass- 
ociation in the control mixture. Roussel and Chabbert, 
1978, quantitated DNA sequence homology with hybridiz=- 
ations performed on nitrocellulose filters. In order 

to do this, 4 kinds of filters were prepared;one was 
prepared with E. coli chromosomal DNA(R hom filter); 

one with homologous plasmid DNA and chromosomal DNA 

(R™ hom filter); one with heterologous plasmid DNA and 
chromosomal DNA (R™ het filter), and one with no DNA. 

The DNA added to these filters was first denatured with 
alkali, and then fixed to the filters with heat (80°C) 
under vacuum. The filters were then probed with a 
preparation of *H labelled alkaline denatured plasmid 
DNA. The probe was in 50% w/v formamide and 2XSSC buffer. 
An aliquot of this was placed on each of the filters, 
and hybridization was performed under paraffin oil over- 
night. Following hybridization, the unbound label 

(DNA which did not reanneal) was washed off. Using 


this method, the percent of homology was determined as 


counts bound to R thet filter-counts bound to if BRIS 


counts bound to R* hom filter-counts bound to R filter 


Again an excess of unlabelled DNA was used in this reaction. 
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The results from these studies revealed three 


general patterns of DNA relatédness. 


lve a SIO OS Weta ea OaV.em Ancompatibi la ty 
group that show a high degree of homology 
with each other(up to 75%) 


Ceres tis. OL dy GL ven, Incompatibilicy group 
that show significant homology with several 
incompatibility groups. For example, 
members of the O incompatibility group 
demonstrated 20-35% homology with members 
om the i group. They did not sspecify il 
Olaiee 


3. Members of the H incompatibility group 
did not always show a high degree of DNA 


homology with some other members of the H 
group. 


In general, plasmids of the same incompatibility 
group have similar molecular weights. 

Other molecular techniques including restriction 
enzyNeelingerprinting Thompson et al, 1974)... and 
heteroduplex mapping. (Sharp et. al.-1973), have been 


used to study the relatedness of plasmids. 


i. 30,,-Lhe, nature of, incompatibility 


The molecular basis of incompatibility is not 


yet understood, although certain aspects are clear. 
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Plasmids have the ability of being maintained at a 
constant level within a given host cell( copy number) 
and are stably inherited by daughter cells. Copy number 
of plasmids ranges from 1 to about 50 copies per genome. 
Thes implicationy off thas issethat=plasmid»replication is 
strictly regulated. Plasmids with low copy number must 
therefore be under stringent regulation ensuring that 
each daughter cell receives one copy of the plasmid. 
It is thought that incompatibility is due to the processes 
involved with interference of DNA replication or the 
orderly partitioning of these elements to daughter cells 
(see Novik & Hoppensteadt, 1978, for a review). 
Classical genetic studies of incompatibility have 
been hindered by the failure to obtain inc mutants. 
This;would “indicate “chat incompatibility is a complex 
genetic system comprised of several gene loci. With 
the advent of recombinant DNA technology and cloning 
the molecular basis of incompatibility has proven this 
to be the case. One system which has given insights 
into incompatibility genes has been from cloned segments 
Ofna tolasmict caledtminig re (rinmiseet sale, L97S7bovett™ & 
Helinsii,, Yoo) awhich- wera -deravative of the “Evcoli 
Sex poactor 4, The) hf factor Mmaigrabout 94. 5kb! in’ size. 
It is a member of the FI incompatibility group and is 


a low copy number plasmid(1-2 copies/genome)- It is 


e +t pied penis gahad’ 


sedmun yaoo piled teod neve 


im: yqos -afieo setdpunb 


an, As 
cov. ve 


t- = a 


ae «As 
a= Ee 


i Leos bimeslq 


. za wo l » 
:* efsetvos3 
> oe! + a D dhe ae * 
{ 7 ‘“ f 
“ ai 
at oo 
_ = » 
~~. 4, ar 
4 de 4 ssa 
4 | 
; ! 
6 
~» -“ 
_ ; ‘.) 
i32700 ww 
P| ae 
GLSCEg 
yo Istovee 
eT ud! are Pal 
tt i i2ieaw 
_ - 
“ Te: Ras is 
— Ss ev.iatev=. 
indih sgOa 
¢ ae WA i= ~o tent) 
oo 7 , 
+ ~ ane if 162 i] p} 
sh b tovas a + 


sSuode of no" 


4 
: pen 
sibote oiseaisp Lq2kseeey 


ait pads 


~ 
td 

t 
u 

‘ 

‘y 

4 

| tan 

o4 


Pi d=pealm bell 
isteb « et toinv 


wodE BL rosea? 2 off .2 20206 


, 

7 
» - = 
a 


_ 


ngetuces 


asviocex ites asi fem on 


Jagmonat 2act telpioay) mi 

i 
S4ognt dsiw = 
d& Yo pninotsizisg vs i sat 
thsavaneqqoH 2 aiid * 


= rump? 6 


° co 


, 


tet eft ya beset a 
— 


26 Dazluaqmos nose ye i ST 


biuer 


Steaoid ni 


tc elesd tslvosi,ca he 


; ‘ 
) 
ww 6, BBD ‘ond st 


i 


mereye « 
vsti tdi seta odd 
s% biaasiq # t 
, tater ha 


Dak Ta eds 30 rsdaem 8 8 
Scale main YqOo Ww 


y 
a 


a 


Ld 


Cue into 19 Pragments by (Unewrestriction enzyme HRcoR!. 
Mini-F is derived from fragments £5 of this digest and 
contains the sequences necessary for normal maintenance 
Grr (40-497 5KbaoOn) whe. Pome) Within this .«reqion, 

two replication origins have been located. One 
designated OriV is the primary origin of replication 

and it is detected by its sensitivity to acridine 
Grange (Bicienlaupser al. 19/7) gs the others, Oris, 

which is resistant to acridine orange treatment, functions 
mene OGiV bas been deleted (higurski, etal. 19,9)... . The 
regions expressing incompatibility are also found in 
ii sabed one and are inch, incC,, and, incD (Manis & Kline, 
1978; Kline & Lane, 1980; Lane, 1981). These regions 
have been mapped by deletion derivatives of mini-F and 
transposition mutagenesis, followed by cloning experiments 
for further characterization of these regions. The 
incompatibility loci are found between 45.1 and 49.2kb 
on the F map. A summary of the genes in this region 

is) Given vin i ftagure, |... Ther reqion 45.0-45.8 contains 

the incB function and mutants in this region obtained 

by chemical mutagenesis effect the copy number of the 
plasmid, although, incompatibility is still expressed 
Chanieea too) we ee ocisgin this reqron |tatrect— 
ing copy number is called copB. Mutagenesis with the 


transposon Tn3 in the region 45.8-46.5::containing 
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the incC locus also affects copy number and the inccC 
PNenctype(Kahni et al to 7/9)jeeeine |region affecting 
copy Number sis CopC.  OriVers-also in this regions 


Mutagenesis of the incD region does not result in any 


Proloundwerrect won copy number (Kahn et al: , 1979). “When 


these incompatibility regions have been cloned onto a 
plasmid normally compatible Waser eo C LOL «tne 
recombinant plasmid expresses incompatibility with F. 
One feature which distinguishes incD with incB or C 

is that the cloned incD genes express incompatibility 
not only with F derivatives but also with R386, another 
FI plasmid, whereas cloned incB and C genes are compat- 
ible with R386(Kline, 1979). The DNA sequence of the 
region containing the incC region has recently been 
determined in order to discern if this region codés for 
a protein which interferes with F replication(Tolun & 
Helinski, 1981). The results of these experiments 
InatCacertnat jl sdOes snot. code for sucha) protein, but 
the salient feature of this region is the existence of 
five 22 base pair repeats. When these repeats are 
cloned onto pACYC184, they express incompatibility. 

The exact role of these repeats is not clear with 
regards to incompatibility, although they may play a 
role in the initiation of replication. Recently 


a further region of F expressing incompatibility has 
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A map of the: replication, incompatibility, copy number 
and acridine orange sensitivity genes of F. 


(Kline Ce cubs 1981) 
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been, cloned irom the EcoRTerragment f£/ (32.8—40'. 3" onthe 
Perici) teee ce enac mee Cal rede iInciubeLlgquist ete gl.,19o2) . 
Recent results using these cloned incompatibility 
regions as probes in southern transfer DNA hybridization 
experiments point out that not all the plasmids desig- 
nated as FI incompatibility group plasmids share all 
these sequences (Bergquist Cera la, loGe)s. Tia tesa co 
say that complete homology of all the incompatibility 
regions is not a necessary _ requirement for the classif- 
ication of a plamid as FI. Although these incompatib- 
ility sequences have been identified to date, there is 


no encompassing model to explain the phenomemon of 


incompatrprrity: 


1.4 Modes of pilus synthesis of plasmids 


The genes for conjugal transfer of F and F-like 
plasmids have been well characterized. The genes for 
Eranorer Of cie sex actor; raare. oCcaved in) thes60. —93).2 
kb region of the F map. Nineteen genes have been mapped in 
this region which are involved in pilus synthesis and 
control of gene expression(see Willets and Skurray,1980 
fOr al review)...» Control sofsexpression. of genes in the 
transfer region operate at two levels. The product 
of a gene called traJ provides positive control of 


expression, while the expression of traJ is controlled 


Es) 


at 
f&o-- 


a : ey 


ms eee 3 polar oe 
wis no £.0b-B8. SE7o 4 games: 


,($@@i,.I8 te Jaloppast) moet 


—_—— 


$tlidissquesnl penols Seon? 


‘ 
4 
* 
J 

. 

s 
on] 
os) 

. 
La 
— 
— 

i 
e 

—# 


a 
J est ~we.ag Gilt ct 
be as = 
i r i Ss | Ss. 
t * 
- ad ? > e~ . > - 
2 Ap pry (et Fy +14 rat. : came & ia AOE: 
= i 
eel iis 
7 ater of bSfIitNeet ASeee Sve 225 
, i i & on 
9 oF Dabon pas 
*t) STasrtGnve\ evs’ 
-_ — i ee =o - 
1 t= =~ = : >i i [ew 
C Zs bpowe Pet 2) ifaw 
. { ous 4 162582 Xe 


ett .efevol ows 75 eA8259P nolpes 
Lexinen eetaieog esbivesg ae, petite es 


belloxysnas ee Gewt 20 notebeqane oF a a 


: og 
7 1 7 


16 


by the finOP system. The products of the finO and finP 
genes interact to prevent the expression of the traJ 
gene. In the absence of the traJ gene product, synthesis 
of all the other transfer operon products is prevented. 
Also within the transfer operon are the genes for entry 
Exelusion etradom «ane tral.e,ROint mutations .inwtras.are 
efficient for transfer, while the gene product of the 
traT gene is an outer membrane protein associated with 
the expression of entry exclusion. The result of the 
control of pilus synthesis in such a manner is that 

MOtea Llece. Guin tne: popu lation produce pila Such 

a mode of pilus synthesis is termed repressed. Transfer 
of repressed plasmids occurs by the transient expression 
of the transfer genes in a small percent of the cells 
harboring plasmids. The-sex,factor.F is fino., and 
finP’, and thus produces pili constitutively, and is 
termed derepressed for transfer. Infectious transfer 

of this plasmid occurs with a high mating frequency 
(mating frequency being defined as the number of 


transconjugants per donor cell). 


Toe nee Laomia InCcOmpabLoLL Ley. group 


Many medically important plasmids belong to the 
H incompatibility group . These plasmids will be 
the subject of investigation in the experiments 


presented in this thesis. H plasmids 
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were first described in an outbreak of typhoid fever 
ingMexi comin who 72 (Grindley tet tale an el 972)23 Al though 
chloramphenicol resistance had been previously described 
iy yindiv a duedwestiains. Of, Siaiby pluie, cchiis,wasi the shimst 
incidence of an epidemic involving resistant strains. 
This was of clinical significance since chloramphenicol 
treatment had proven to be extremely efficacious in the 
treatment of typhoid fever. The strains isolated from 
patients in this outbreak were resistant to tetracycline, 
chloramphenicol, streptomycin, spectinomycin, and 
sulfamethoxazole. H group plasmids have subsequently 
been reported in outbreaks of typhoid fever throughout 
the world(Anderson, 1975;Anderson & Smith, 1972;Datta 
& Olarte,a L974). 

As a group, H plasmids have several distinguishing 
features. They are large(>1l00Md in size),and exhibit 
a thermosensitive mode of transfer(Smith, 1974). In 
addition they determine morphologically and serologically 
Similar pili(thick and flexible) (Bradley, 1980). H plasmids 
are repressed for transfer. The plasmids in this group 
are classified into three subgroups based on DNA 
homology studies(Roussel and Chabbert, 1978) 

Two subgroups of H plasmids, Hl and H2 were 
Originally designated on their incompatibility reaction 
with F factors in the autonomous state(Smith et al., 


1973). Hl plasmids were incompatible with F factors 
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while H2 plasmids were compatible with F factors. 
Furthermore, Hl plasmids like the one involved in 
the outbreak of typhoid fever in Mexico, have been 
primarily associated with chloramphenicol resistance 
iMwoe CYDht, and wie =h2=prasmrds=were originally 
identified in strains of Salmonella, they have also 
been found to mediate antibiotic resistance in other 
Enterobacteriaceae, , including Shigella flexneri (Taylor 
& Grant, 1977a),Serratia marcescens(Taylor & Grant, 1977b) 
Citrobacter freundii(Taylor & Summers, 1979), and 
Klepstettar pncunon rae (omc etal .7 1770) es Menbersror 
the H2 subgroup also encode for bacteriophage inhibition: 
thet 1s"*H2Z"prasmid—~containing-Sstrains-inhibit=the 
development of a number of double stranded bacter- 
fOpNageraneclucing AeTly TS rand=ty9 (Taylor*s'Grant, 61978). 
Resistance genes for potassium tellurite are also commonly 
found on H2 plasmids(Taylor & Summers,1979). Members 
of the Hl and H2 subgroups show entry exclusion with 
each other. Members within a given subgroup have a 
higher index of entry exclusion with each other than 
with members of the other subgroup(Taylor & Grant,1977b.) 
Another interesting feature of the H plasmids is that 
some of them can be eliminated at high temperatures 
(oii eneetrd le 71973) 

DNA-DNA hybridization studies of members of the 


H plasmid incompatibility group revealed that there 
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is little homology between members of the Hl and H2 
subgroups,although Hl subgroup members show a high 
degree of homology with each other as do H2 subgroup 
plasmids. Based on work by Roussel and Chabbert, 1978, 
a third subgroup comprised of one member , MiP233, 
was designated which was incompatible with Hl and H2 
plasmids, but showed little DNA homology with either 
of these two subgroups. This plasmid confers resis- 
tance to potassium tellurite , encodes sucrose 
fermentation, and. specifies H pili. 

Recently plasmids which show a relationship with 
Hep lLasmids stave been descr ibed(Bradley “etval., 1982)". 
These plasmids which were isolated from Klebsiella 
aerogenes, are large and determine conjugative pili of 
the H type. They are incompatible with each other, and 
show entry exclusion with each other. They also deter- 
mine resistance to potassium tellurite. Unlike the 
H plasmids they are derepressed for transfer, and their 
mode of transfer is not thermosensitive. In incompat- 


ibility tests, they show a stable coexistence with 


members of the H1,H2, and H3 subgroups. The designation 


incHII has been proposed for these plasmids, while H 
Diasmids ave, now called HPL} Hr and His. This 
designation is similar to the FI and FII plasmids which 
are compatible but are related by antigenically similar 


Davee 


cg 


oT 
~~ 


os he 

cs Fs 7 
i 

af Oo 7 He 


cH Sas £8 dye 36 exocitady | 


, 


‘ : i a 
dpid s wate eteciffinat TONE 


pougine 2 ob ae usiz0 dee 


a 


sCRt yeweddedd. hrs Leseucn 


r A . A eee 
7} * =<¢ I ff - 
- 4 aot 4 
a i f "i => AALS 
a 
} y. ¥ 
- ste- bimasiq 


=) 
peel fiwieentc 


7 rm 
- 


eee ae as .sotseanaae 
oe 
1itedoizales & wede Tata tbtapsta iano vhs 
kneel 
tL «stk rel) hedLzoesb Rees oved ah 
; lA mo stsioat seam soraw cane qo < 
Limedtsh Bre, soxel oie aes ea 
e{[-itegmesnt sss yodT ont. 3 
ne. je r ae noLteotloxe yr ad 
Pana Riera mI. i. BE ¥ 
f * == nie 
[ist riaassog. od ama a 
a 
+93 ++ ob? Heese as bk cade 
: sa 102 Heaseigese® pte ye & enh 


viralenaezomigors din ei eis nats, io Sm6 


sone¢elimaovo sildad= s w6na, Yess aseed ‘id 
: 7 | 


af eagoipdus tH Bae aSR 1h ols JO Szeg 
: : : - ao 
shbinmelaq saois tot Beaegers need asd) Hoe 


. 7 - 
eistt €08 bes ,2Te <fte belles woo ets ahla 
= ? _ 7 = 


shimesiea 328 Bne 14 on3 7 


slimts vileaoweppigas yo s 


The lack of homology amongst the H plasmid subgroups 
lends itself to studying and identifying the genes which 
they share i Goa Presumably the genes responsible 
for incompatibility are amongst these. As mentioned 
earlier with the studies of the FI plasmids, complete 
homology of all the incompatibility genes is not a 
necessary requirement for a plasmid to be classified 
as FI. Complete homology of the H plasmids with 
respect to their incompatibility genes is already 
ruled out because of the differential incompatibility 
of the HI plasmids with the F factor. A small amount 
of homology between HI1 plasmids and F has been found 
on a 5Md EcoRI fragment: of incHI1l plasmids (Bergquist, 
personal communication). This fragment may contain 
some of the sequences for FI incompatibility described 
in section 1.3. The H plasmid system may reveal 
incompatibility sequences unique for each of the sub- 
groups as well as common incompatibility sequences. 
Other common genes may include those responsible for 
transfer, pilus. production and) entry exclusion. 

The work in this study is concerned with the 
molecular characterization of the H plasmids, and 
the identification of the common sequences shared 
by these plasmids by Southern transfer DNA hybridization 
techniques. This involves the transfer of restriction 


endonuclease fragments to nitrocellulose followed 
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by probing of these fragments with a °**P-labelled H 
plasmid. These plasmids represent an interesting 

group and the lack of DNA homology amongst the subgroups 
may indicate that they have evolved separately. They 

may provide valuable tools for increasing our understanding 


of the genetics of plasmids. 
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CHAPTER II 


METHODS AND MATERIALS 


2.25 “Culture: conditions and’ media 


Prior to isolation | plasmid containing Strains 
were streaked out on antibiotic plates containing a 
suitable drug to select for the presence of the plasmid. 
Antibiotic plates were prepared in MacConkey agares 
(Difco), except for potassium tellurite, which was 
prepared in Brain Heart Infusion agar(Difco). The 
final concentrations of the antibiotics used are listed 
in Table 2, with the appropriate abbreviations for 
the antibiotics. Plasmids were isolated from broth 
cultures. The broth used for isolation was a rich 
Minimal media (RM), (Murialdo s& Siminovitch, 1971). 


The components of RM are detailed in Table 3. 


2.2 Bacterial Strains anduPlasmids 
The plasmids and their relevant properties are 
listed in Table 4. All plasmids were harbored in 


derivatives of E. coli K=22. 
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Table 2 


ANDCIDLOLCICS -Concentrations and Abbreviations 
ARCIbDiCtIC final concentration Abbreviation 
ug/mL 

Ampicillin 24 Ap 
Chloramphenicol . 16 Cm 
Kanamycin 8 Km 
Tetracycline 8 jie) 
Streptomycin 0 Sm 
Sulfamethoxazole 1000 Su 
Spectinomycin 40 Sp 


Potassium tellurite 2.5X107°2M Te 
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Table 3. 


Rich minimal media (RM) 


25XRM salts 
per200mL 


NH, Cl 
MgSO, .7H.,0 
KCl 
glycerol 


-O1M FeCl, 


Phosphate Buffer 


per 940mL 
Na.HPO, 79. 
KH5PO, 393 


per 1 liter of RM 


phosphate buffer 
25X RM salts 

20% glucose 

10% casamino acids 


100mM CaCl. 


FOF Ul 


940mL 
40mL 
6mL 
20mL 
lmL 
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2.5 elLoolationaeos bacteriophage lambda DNA 


Bacteriophage \X DNA was prepared from a \cI857 
lysogen obtained from H. Murialdo. Cells were grown 
in 600mzL of L-Broth(13 tryptone, 1% sodium chloride, 
and 0.5% yeast extract, pH7.2) to an O-D-E oO Of 0r 6 
at 30°C. The phage were then induced at 42°C for 
15 minutes, followed by growth of the cells at 37°C 
for 90 minutes. The cells were then harvested by 
centrifugation at 8,500 rpm for 10 minutes in a 
Beckman JA-14 rotor. Lysis of the cells was accomplished 
by the addition of chloroform(5 mL) and a few flakes 
of DNAse (Worthington). The ly sateaves incubated at 
37°C for 10 minutes. ‘The phage were then purified in 
CsCl density gradients by the addition of Os og. CsSCl /mi 
of lysate. The gradients were Spun in a SW40 rotor at 
29,000 EpmeroOr 36 hours. The phage band was extracted 
from the gradient with a 21 gauge needle and dialyzed 
against i aarien elo MgSO), lOmM Tris, pH aay The 
DNA was then extracted from the phage by the addition 
of EDTA to 0.01M, and SDS to 0.3% final. Proteinase xk 
(Boehringer Mannheim ) was added to 100 ug/mL and 
incubated at 37°C for one hour. The DNA was then 
extracted twice with Tris-equilibrated phenol, and 
then dialyzed against 8mM digas Reap 10mm NaCl, and 0.1mm 


EDTA, pH 7.6. Following dialysis, the DNA was stored 
ate 42Cy. 
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2.4 Isolation of H plasmid DNA 
A) Method I; Sarkosyl lysate method 


H plasmid DNA was prepared from sarkosyl lysates 
as previously described(Lin & Rado, 1977), with the 
following modifications. Cultures were grown in 500mL 
of a rich minimal medium(RM), to an O-D-- 45 Ofe0;.4—0 6% 
The cells were then harvested by centrifugation at 
8,500 rpm for 10 minutes, and were resuspended in 20mL 
of sterile water and pelleted again in a JA20 rotor at 
9,000 rpm for 10 minutes. The cells were then resuspen- 


ded into 40 mL of solution A(0.1M NaCl, 0.02M Na.EDTA, 


2 
20% sucrose,pH 8.0), and 40 mg of lysozyme (Boehringer 
Mannheim) were added. After incubation on ice for 10 
minutes, the mixture was divided into 4 tubes (10mL/ 

tube, and to each tube 10 mL of solution B was’) added 

(1% sarkosyl NL-97(Geigy), 0.01M Na,EDTA, 0.5M NaCl, pHs...0)'. 
The solutions were mixed by inversion, and were allowed 

to stand at room temperature for 20 minutes. The 

cleared lysates were then treated with RNAse (Boehringer 
Mannheim) at a final concentration of 50ug/mL for 20 
minutes at 25°C. Pronase was then added to a final 
concentration of 200ug/mL to the HIl plasmid lysates 

and proteinase K was added to the HI2Z or HI3 lysates . 


tO a tinal concentration of LoOtg/mL. Protease: treat= 


ments were for’ 25 minutes at 37°C. Pronase and proteinase 
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28 
K were obtained from Boehringer Mannheim. 


B) tIsopynic CsCl-ethidium bromide Density Gradient 
Centrifugation 


lgm/cc of CsCl was added to the sarkosyl lysates 
which were then ene rere ad to 8 heat sealable Beckman 
polyallomer tubes. 0.15mL of a 10mg/mL copureakers of ethidium 
bromide was added to the tubes in the dark. The tubes 
were filled with a CsCl solution of lgm/cc in 8mM Tris, 
10mM NaCl, and 0.1M EDTA before sealing. Samples were 
Sener Luged iia li) So TOvOmeLOL) 24 enOurSs. at. 55,000. rpm. 
The chromosomal bands(upper bands) were removed first 
through the top of the tubes with a pasteur pipette. 
Then the plasmid bands were removed with a syringe with 
an 18 gauge needle through the sides of the tubes. The 
plasmid DNA was pooled and rebanded in CsCl as before. 
The rebanded plasmid DNA was extracted several times 
with isoamyl alcohol, and dialyzed exhaustively against 
a buffer containing 10mM Tris, 5mM NaCl, and 1lmM EDTA, 


[eae ThA pr 


C) Method II: Alkaline dénaturation method:Kado and Lui. 


‘A scaled up version of the alkaline denaturation 
method described by Kado and Liu (1981) was used with 
the following modifications. Cells were grown in 500mL 


OLGRM 2 toran®O-5D* of 0.4-0.6, and were then harvested 


600 


PL ve. ii - Ase : 
7 «mieransM Y Pans 


+59) fhe i ened aBiansé | any 


ud 
vi Iyvediinee sdd. ot Sebm 


[ ' ne 
= ee oo) 
bayvastenn 


ve Ve 
‘ ~ a mn "4 : 4 
Lizeihoe Sae\ fat & PO tadd ® O.. . 


A) 


RAED, SOD Nad acckist Seis -@S: sabia . 


‘ 


‘ ie i 


al o2p\@ol to woidimtee (Oat. s 9. he 


; sdod sf sshie” of3 (puoi shheen sprep Bi 
” 
ni fehipds*+ Bes) bafooa sew ARG bine 
; . va 


~% . 4 ya Ve 2 . > Oe | 7 F > 6 “ vib Fy a iii 261g habits <= 


isviesil Soe, ,lotonois iy 


a a 


ai ROLt6tIU ISS b satiextA ; : IT i bodssm 
3 : x 

ve eptisxie art ic solgway Gn bakece 

ade (LBRE) il Bre BBA ud fees eee yong 


— = 


wep svew elles , snohjeactibom ‘prtiwed i £. 


by centrifugation in a Beckman JA-14 rotor for 20 minutes 
at 7,500 rpm. The cells were resuspended in 15mL of 

TEA buffer(40mM Tris acetate, 2mM EDTA, pH 8.0), and 
repel leted sin way JA-20 rotoreror 2 minutes ‘at 9,000. rpm. 
The pellet was resuspended in 10 mL of TEA buffer, and 
SPOOL ly sa Sauron 5s — ODS se oUMM rls, Dis 2 ..0)), ana 
heated at 60°C in a water bath for one hour. The lysate 
was then extracted once with Tris equilibrated phenol, 
ang 7OnCe WILE. DReENnoOL:cnLOroLorm( 50:50 ratio). The 
aqueous layer was treated with RNAse (Boehringer Mannheim) 
at a final concentration of 50uq/mL for 20 minutes at 
37°C, followed by treatment with pronase(200ug/mL final) 
or proteinase K(150ug/mL final) at 37°C for an additional 
20 minutes. The DNA was then ethanol precipitated by 
Cocsala Led OonrOruNaCl «LO, O.5M. Dinalpeand 2.o VOLUMES 

of cold ethanol. The solution was then placed at -20°C 
Overnight and the next day was spun at 10,500 rpm for 

30 minutes. The pellet was resuspended in 5 mL of 8mM 
Tris, 10mM NaCl,and 0.1mM EDTA,pH7.6. The plasmid 

was further purified by CsCl ethidium bromide density 
gradients with the addition of lgmfm CsCl as described 


in section 2.4(B), using a single banding step. 


D) Method III:Alkaline denaturation method:Birnboim 
ands Dolly 


A scaled up version of the alkaline denaturation 
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method described by Birnboim and Doly(1979), was used 
to isolate H plasmid DNA as follows. Cells were grown 
in 150mL of RM overnight, pelleted in a Beckman JA-14 
rotor at 8,500 rpm for 10 minutes and resuspended in 
2.5mL of solution I(50mM glucose, 10mM EDTA, 0.25M Tris 
, PH8.0, and 2mg/mL lysozyme(made fresh daily)). The 
cells were then incubated on ice for 30 minutes. Five mL 
of solution II was added(0.2N NaOH, 1%SDS), and the 
preparation was incubated for another 5 minutes on ice. 
A volume of 3.75mL of solution III(3M sodium acetate, 
pH4.8) was then added and the lysate was incubated on 
ice .Lonsone hour, «followed iby centrifugation £or4L5 


minutes at 12,500 rpm . The supernatant was ethanol 


precipitated by the addition of 2 volumes of cold ethanol, 


and skepteadter202C iovernight. On .thewtol lowing .day ;»the 
DNA was erecovered by. Centrifugation at 1055005 rom for 
10 minutes. The pellet was then resuspended in 5 mL 

of 50mM Tris, 10mM EDTA, and treated with RNAse ata 
final concentration vof.s0ug/mk, Eor 20 .minutes.<at.3 1.°C. 
The plasmid DNA was purified in CsCl ethidium ee 
density gradients as described in section 2.4(B), using 


a single banding step. 


2.5 Determination of DNA concentration 
DNA concentrations were determinec by absorbance 


at 260 mm with a Beckman DU 8 spectrometer. When 
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determinations were required, the concentraion of DNA 
was measured by the fluorescence method (Morgan eta loo) 


using a Turnbull fluorimeter. 


2.6 Restriction Enzyme Digestions 


Restriction enzyme digestions were performed 
according to the conditions specified by Davis, Botstein 
anawrotnt(1950) "Approximately 0.5-1.0 wo of) H plasmid 
DNA was digested for 80 minutes at 37°C. The digestion 
was stopped by the addition of EDTA to 12mM final . 
concentration and 1/5 volumes of bromphenol dye mix(0.075% bromphenol 
blue( Biorad), 48% sucrose). The reaction was then 
heated at 71°C for ten minutes. Double digestions 
were performed using a buffer suitable for both enzymes 
as determined empirically. The enzymes used, and the 
conditions for digestion are listed in Table 5. 

Phage 7, DNA digested with either EcoRt, or HindIrr 
was used as molecular weight standards. Approximately 
0.3ug of A DNA was digested as a control. The molecular 


weights of these DNA standards are given in Table 6. 


2.7 Agarose Gel Electrophoresis 


Restriction enzyme digestions were electrophoresed 


ONnvdenerizontal gel abpparacus at 50V for 16-18 hours. 
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Table 5 


Restriction Enzymes and Digestion Conditions 


Enzyme (s) Buffer* Temp (°C) Source 
- AccI med 37 BRL” 
Aval med oi! BRL 
AvalIlI med 35, BRL 
BamHI med Sl BMc> 
BOLL med ey BMC 
EcoRI high 37 BMC 
Hing yt med 3a BMC 
Hpal low Bai BMC 
Kpni low 37 BRL 
EPSEL med 30 BMC 
Pyullt med 37 BRL 
SalI high 517) BMC 
Sau96I med ey) BRL 
Xbal high 37 BMC 
Pstl/saul high 37 
PstiI/Xbal high Sy. 


*buffer conditions are as described by Davis, 
Botstein and Roth;high,med, and low refer to 
salt conditions in these buffers 


a Bethesda research laboratories 
b Boehringer Mannheim Canada 
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Table’ 6 


Sizes of the restriction fragments of phage DNA? 


Fragment EcoRI Hoa ee 
A Zo Pipe veel 

B nay” 9.46 
C Byer he} Salon: 
D 5.54 4.26 
E 4.80 VaR PAS 
F 3.41 Tees 
G 


6 


a Sizes of the fragments is given in kilobase 
pairs as determined by Phillippsen et al. .1978. 
Values given are for AcI857 RS a 
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The buffer used for electrophoresis was 89mM Tris, 
89mM boric acid, 3.4mM EDTA,pH8.3. The concentr- 

ation of agarose(Seakem) varied from 0.5%-0.8%. The 
gels were photographed under ultravioled transillumin- 
ation with a Pentax 35mm camera with a red filter 
(Bos By ge jes aye bei aed Me oor > Coden fad Bn 


2.8 Computer Analysis of Restriction digests:Estimation 
of fragment sizes 


The sizes of the DNA fragments from the restriction 
digests were obtained from a computer program(Schaffer 
& Sederoff,1981) which was adapted for use on the com- 
puter at the University of Alberta. The program is 
based on a relationship described by Southern(1979), and 
states that the reciprocal of mobility versus fragment 
length is linear. This program uses a least squares 
analysis of this relationship. The standard curve is 
generated from the known sizes of A DNA digested with 
ECORD OGeindtly). Skt ating of tthe iprogram ,is?given 


in Appendix l. 


229 Electron Microscopy of, DNA 


DNA preparations were diluted to 1-5ug/mL, and 
were mounted on 200 mesh copper grids coated with 
parlodion . Samples were spread by the formamide tech- 
nique Of Davis et al (1971) ithe, grids were shadowed 


with platinim/paladium, and were examined 
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with a Phillips 300 electron microscope. When pBR322 
was added as an internal standard, it was added to 
the DNA preparations at a final concentration of 0.1l- 


0.3ug/mL 


2.10 Southern transfers 


Plasmid DNA was digested as described in section 
2.6, and transferred to nitrocellulose as described by 
Southern(1975). Nitrocellulose was obtained from Schleicher 


and Schuell (BA85) 


Zev NILCKed, translation 


Approximately 0.5ug of HI1 plasmid DNA(pRG1251) 
was labelled in a nicked translation reaction as 
described by Rigby et al., 1977. 100uCi of a-**P-dcTP 
in tricine(NEN) was used in a reaction volume of 120uL. 
The reaction conditions were as follows: 50mM potassium 


phosphate(pH 7.4), 5mM MgTl 10uM aATTP,dATP, and dGTP, 


2! 
and 50ug/mL BSA. Prior to the addition of DNA polymerase I, 
the DNA was treated with DNAseI (ing) for one minute at room 
temperature. 2.5 units of PolI(Boehringer Mannheim) was 
added, and the reaction was incubated at 14°C. The 

reaction was terminated by the addition of 500 uL of 

stop buffer(l00ug/mL herring sperm DNA in HENS buffer) , 


and heating the reaction at 65°C. Unincorporated 


label was separated from the nicked translated products 
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by passing the reaction over a 5mL sephadex G50 fine 
column equilibrated with HENS buffer(l0mM HEPES,pH7.2, 
lmM EDTA, 10mM NaCl, 0.1%SDS). 0.3mL fractions were 
collected, the fractions were counted and the first 


peak was pooled. 


Zee  DNATRYODELG1Zacions 


DNA hybridizations were performed by the dextran 
Ssulbtateumetnodsas described by Wahl et al. (1979). The 
hybridization of the probe to the nitrocellulose blots 
was performed in a Phillips Seal-a-bag. Prehybridization 
conditions were for 4 hours as follows:5X SSC, 250ug/mL 
4! PHO 210. % 
Giycine, 0.01% BSA, 0.01% BPaicoll, 0.01% PVPD, 50% formamide. 


denatured herring sperm DNA, 0.5M NaPO 


Hybridization conditions were as follows: 5X SSC, 0.05M 
NaPO,, 125 ug/mL heat denatured herring sperm DNA, 0.005% 
BOA; 0 105% Bicol! 0.05%) PVPD, 502% formamide. 107 cpm 

of nick translated probe was added to the reaction, and 
the hybridization was carried out at 43°C for 18 hours. 
The filters were then washed 4X at room temperature with 
Onsen OOO A anOatWwLeemwiitcil Os (SUS; MU bLh cote c 
652C.. Each wash was for 15-minutes,.. Nitrocellulose 
filters were then autoradiographed at -70°C for 3 to 


T8ehoursswithea Dupont Tightening plus intensifying screen. 


The film used for autoradiography was Kodak XA-R. 
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CHAPTER iil 
RESULTS 

3 ysl New LSOlea tion .of- Hy plasmidy DNA 

To perform molecular studies of the H plasmid group, 
it was necessary to first isolate plasmid DNA in a form 
which was relatively free of contamination from other 
cellular components such as chromosomal DNA, protein, or 
RNA. Rapid isolation techniques for large plasmids (Casse 
et al. 1979; Crosa & Falkow, 1981), are suitable for 
plasmid detection, but the purity and concentration of 
plasmid DNA obtained by these methods _ unsuitable for 
restriction enzyme analysis or nicked translation since the 
yields of large plasmids are low. The first part of this 
study was therefore concerned with choosing a method which 
could be applied to the isolation of these plasmids by cesium 
chloride ethidium bromide density gradient centrifugation. 
Several methods have been described for the isolation of large 
plasmid DNA (Hansen & Olsen, 1978; Currier & Nester, 1976). 
These methods take advantage of the physical properties of 
plasmid DNA (termed covalently closed circular, or CCC) 
versus the physical nature of the chromosome. 

Three methods were used to isolate H plasmid DNA, and 


these are outlined in section 2.4. Many of the observations 
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concerning the isolation of these plasmids were qualitative. 
In all cases, the plasmids were cultured in RM as it had 
been suggested that a predominance of superhelical plasmids 
was not always noted with large plasmids grown in L-broth, 
although it was favored in a minimal medium (Colman et al, 
1978). 

Initially, a scaled up version of a rapid isolation 
technique described by Kado & Liu (1981) was used. This 
method had been reported for the isolation of plasmids up 
to 350 Md in size. This method is based on the premise 
that plasmid DNA can be separated from chromosomal DNA by 
treatment with alkali. Plasmids -have been shown to be 
resistant to strand separation within a narrow range of 
pH(12.0-12.5)(Birnboim & Doly, 1979), whereas chromosomal 
DNA will denature in this pH range. The lysates were then 
heat treated to completely denature and abolish the secondary 
structure of the linear DNA. The single stranded chromosomal 
DNA was then separated from the plasmid DNA by phenol 
extraction. The method was modified several times in order 
to isolate H plasmid DNA. When the method was scaled up with 
no major modification, a faint CCC band was observed in the 
CsCl ethidium bromide gradients. One problem of note which 
will be detailed later was the appearance of a third band 


in the CsCl gradients. That is, there was one band comprised 
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of chromosomal and open circular DNA, one band of plasmid 
DNA, and one band in between these two bands. The technique 
was modified by the treatment of the lysate with RNAse, 
followed by a protease treatment (either pronase or 
proteinase K). The addition of these two treatments had two 
effects: there was an apparent increase in the plasmid 
yield (as judged by an increase in the lower band), and only 
two bands were noted in the gradients, an upper band 
containing chromosomal and open circular DNA, and a lower 
band containing CCC DNA. It might be inferred from this 
that the middle band found in the gradients was a DNA-protein 
complex, and that the protease treatment by removing this 
interaction allowed the DNA in this band to now band with 
the other plasmid DNA. In spite of significant improvements, 
however, this method was tedious and the plasmid DNA was 
not concentrated enough for further studies. To estimate 
the concentration of DNA in these preparations by absorbance at 
260mm was difficult because they were dilute (approximately 
5 ug total). This was thought to be an insufficient yield 
from 500mL of culture. 

An alternate method utilizing sarkosyl lysates was then 
tried. In this procedure, cells are lysed with sarkosyl, 


an ionic detergent, and the whole cell lysates are then 


directly loaded on cesium chloride ethidium bromide density 
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gradients. The separation of plasmid DNA from chromosomal 
DNA is thus dependent on a difference in buoyant density 
alone, and no prior attempt is made to eliminate chromosomal 
DNA. This method has also been reported as being effective 
in the isolation of large plasmids (Lin and Kado, 1977). 


The method was again scaled up and an RNAse and proteinase K 


step was included as suggested by Skeikholeslam et al. (1979). 


A shearing step which shears the chromosomal DNA, and was 
suggested in the original method was not included. [In an 
initial experiment, half of the lysate was sheared by slowly 
pipetting the lysate up and down in a 5mL pipette. No 
difference was noted between lysates treated in this manner 
from unsheared lysates. Perhaps the handling of the lysate 
in the isolation or loading of the lysate onto CsCl 
gradients was sufficient to shear the chromosomal DNA. 

The use of a protease was included in this method because 

it had proven effective with the Kado and Liu method, and 
also because protease treatment was reported to be effective 
in freeing plasmid DNA from the folded chromosomal matrix 
(Kado, 1975). The usefulness of a protease with this 
technique is in question. Two independent experiments were 
done without the addition of a protease. In one experiment, 
CCC bands were noted and in another, no CCC bands were 


found. It may be that the sarkosyl alone is effective in 
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liberating the plasmids from the chromosomal matrix. The 
PRC neCOR ae a protease step did not however have any 
adverse effect on the isolation of these plasmids, and was 
included in subsequent isolations. The DNA isolated using * 
this technique was of sufficient quantity and purity for. 
further experiments. The yield was in the range of 
10-20 ug/mL and 1.5 mL were obtained from 500 mL of cells 
as determined by the fluorescence method. The plasmids 
isolated by this technique were used in restriction enzyme 
digestions and Southern transfer hybridizations experiments. 

To verify that the band isolated from the CsCl density 
gradients was plasmid DNA, the DNA preparations were 
examined by electron microscopy. An electron micrograph of 
an H plasmid is given in Figs. 2 and 3. The preparations 
were also run on a 0.5% agarose gel to verify that they 
contained CCC DNA (Fig.4). 

One additional technique was used to isolate H plasmid 
DNA. This was a scaled up version of the alkaline lysis 
method of Birnboim and Doly (1979). Although this 
technique was not specifically reported for the isolation 
of large plasmids, it proved to be effective in the 
isolation of H plasmids, and was used in later experiments. 
Unlike the Kado and Liu method, the chromosomal DNA was 


salt precipitated, rather than heat cleared and phenol 
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extracted. In initial trials of this method no protease 
treatments were included. Again three bands were noted in 
the gradients (Fig.5). The two lower bands were extracted 
as separately as possible from the gradients. Agarose gel 
electrophoresis of these species (0.5% agarose) revealed 
that they were two DNA species of close but resolvable 
molecular weight. There was a slight degree of cross 
contamination of these two bands due to their close proximity 
in the CsCl gradients. These bands were then examined by 
electron microscopy, and both contained CCC DNA. No unusual 
topological forms such as nicked catenenes were noted in 

the middle bands. These findings may suggest that the 
middle band may have been a DNA-protein complex. However, 
in this case, protease treatment of the DNA just prior to 
CsCl ethidium bromide density gradient centrifugation did 
not result in the elimination of the middle band in the 
gradient. In order to further examine the possibility 

that this was a DNA-protein complex, the ethanol precipitated 
DNA was resuspended in a buffer containing sarkosyl 
described in section 2.4(A), and the preparation was treated 
with proteinase K prior to ultracentrifugation in CsCl 
gradients. Again three bands were found in the gradients. 
These conditions were more optimal for proteinase K than in 


TE buffer as above. The reason for the appearance of the 
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middle band in the gradients is 
the DNA isolated in this manner 
restriction enzyme analysis and 
of cleavage as the DNA isolated 


method. Similar amounts of DNA 


still unclear, however, 
was suitable for 

gave the same pattern 
by the sarkosyl lysate 


were obtained with this 


method as with the sarkosyl lysate method. 


43 


wei ay ae 


panes 


nvesseg eae ‘eid oven a ten yates 


= 
. 


ssseyl lysowuse eis yi betalo mr 
esids+ cdiw Gepbesds stew ASG 8 


vind : 
: bette aisayl a ou a 


Pa 


Electron micrograph of the HiIl plasmid pRei25) 
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Fig., 4 

Agarose gel electrophoresis of H plasmids 
isolated by the sarkosyl lysate method. 

(A) pRG1251(HI1) 

(B) R478 (HI2) 

(GC) MIP233(Hi3) 


(D) bacteriophage i DNA 


samples were electrophoresed on a 0.5% agarose gel 
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Cesium chloride ethidium bromide density gradients of 
H plasmids isolated by the method of Birnboim and 
Doly (1979), showing the appearance of three bands 

in the gradients. 
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3.2 Restriction Enzyme Analysis 


Initially six restriction enzymes were chosen to digest 
a representative plasmid of each of the three H plasmid 
subgroups. These enzymes were chosen because they cut the 
well: characterized plasmid pBR322 Sater All have a six 
base paiYr¥ recognition sequence and thus cut the DNA less 
Euwequently then those enzymes with a four base pair 
recognition sequence. The enzymes chosen for this survey 
were AvalI, BamHI, EcoRI, HindIII, Pst ly, andy sa lies No 
common bands were noted amongst the plasmids of the three 
HI subgroups, although there were trends in the frequency 
of cutting with a given enzyme. For all three plasmids 
used, the following trends were established. Aval, BamHI, 
HindIII, and EcoRI, were frequent cutters. Of these, 


Aval, BamHI, and HindIII, were unsuitable for further 


analysis as they generated too many fragments. EcoRI 

gave a clearly resolved pattern generating between 27 and 
SUPLragmento.g woall, a moderates cutter, gave: between “19 

and 29 fragments, and) Pstl, was an infrequent cutter giving 
between 8 and 19 fragments. In each case, the smallest 
plasmid, pRG1251(HI) generated the least number of fragments. 
Digests of these plasmids with BCORL, salt, and PstI are 


given in Figs. 6, 7 and’ &. 
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Due to the observed trends in frequency of cutting 
of these plasmids with a given enzyme, a further survey 
of enzymes was done with the HI1 plasmid, pRG125l1, to 
look for other enzymes which would give a clearly 
resolved restriction enzyme pattern. These enzymes were 
Xbal, Pvull, Avall, Accl, Saugyel, KpnI, Hpal, and BglII. 
All of these enzymes have a six base pair recognition 
sequence except for Sau96I, which has a 5 base pair 
recognition sequence. Four of these enzymes, Hpal, 
KpnI, and XbaI, and BglII, do not cut pBR322. Pvull 
cuts pBR322 once, and AccI.cuts pBR322 twice. The 
other enzymes cut pBR322 more frequently, but were 
available in the restriction enzyme collection in the 
laboratory. Fig. 9 shows pRG1251 digested with these 
enzymes. XbaI, is an infrequent cutter. PvuII, AvalIl 
and Sau96I were frequent cutters, but unsuitable because 
the largest fragments generated with these enzymes were 
in the 9-4kb range, indicating that most of the DNA from 
these digests was in the lower molecular weight ranges 
and are not suitable for resolution in an agarose gel 
system. BglII and Hpal were frequent cutters like EcoRI. 
Kpnd was) a moderate cutter, Jike Salt... The three sub- 
group plasmids were then digested with BglII, XbaI, and 


Hpal «These digests ,are shown in Figures 10,, 11 and 21. 
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FOr MPPZI3(HL3), the digestion products with Xbal," were all 
large and unresolved in the tris-borate system used here. 
BglII gave a frequent pattern of cleavage, and HpaI was a 
frequent cutter for all three subgroup plasmids, however 

it generated too many fragments from the HI2, and HI3 plasmid 
for meaningful analysis. 

Double digests using a combination of infrequent and 
moderate cutters were done to more clearly resolve the 
fragments of high molecular weight. The three enzymes used 
were PstI, Xbal, and Salil. XbaI and Salt are usually 
Pigesvedmeineaii Gi scalt. bpucter.  Pstt dvugestions are usually 
Covesiwenedrum Salt putters “"AyPstl digest OL pRGP2o1 in 
high salt buffer was first done to see if this enzyme would 
Luncvion rn hign salt. PstI was able to digest this plasmid 
to completion in high salt buffer and therefore double 
digestion were performed in high salt buffer. Double digestion 
of PstI/Xbal, and PstiI/SalT are shown in Figures 12 and 13. 
Double digestions were of some use in resolving the bands of high 
molecular weight, notably pRG1251, with.PstI/SalI, and MIP233 
with PstI/Xbal. Using double digests, more bands were noted 
closer to the largest band of lambda digested with HindIII 
(23.7kb). These bands could be more accurately sized. The 
incHII plasmid digested with EcoRI, did not appear to have 
any common bands with the HI subgroup plasmids used in this 
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Table 13 lists the total molecular weight of the 
fragments obtained with various enzymes. The published 
molecular weights as previously determined by agarose 
gel electrophoresis is also given in this table. The 
values obtained from straight addition of the molecular 
weights of the fragments from the digests are less than the 
published values. This may be because some of the bands 
have a multiplicity > 1. Upon inspection of the various 
gels, some of the bands appear to have a multiplicity 
greater than 1. Exact determination of the multiplicity 
of these bands would have to be made by prolonged 
electrophoresis of the digests to resolve these fragments 
or by the use of densitometry. With the frequent cutter, 
ECORI, identification of these bands is more obvious then 
with the moderate cutter SalI, or the infrequent cutter 


PstI, since the increase in intensity of the large molecular 


weignt fragments obtained withersri or Sall may be a result 
of increased fluorescence due to the binding of a greater 
amount of ethidium bromide. Unequivocal determination of 
the multiplicity of the bands in a given digest would have 
to be made for purposes of restriction mapping and would be 
necessary to determine the total molecular weight of these 


plasmids. 
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Agarose gel electrophoresis of H plasmids digested 
wlth the Trequent. cuccter /EGoRL se, 

(A) phage’) digested with Hindiir 

(B) =pRGI2Z51(ELL) 

(C) R478: (022) 


(D) MIP233(HI3) 


Samples were run on a 0.82 
-O3 agarose gel as 
in the methods and materials 2 described 
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Table 7 


Sizes of fragments generated by EcoRI 
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Agarose gel electrophoresis of H plasmids digested 
with’ the: moderates cutter celia: 

(A) phage X digested with HindIII 

(B) pRG1251(HI1) 

(C)P Rar on t2)) 

(D)P MIP233(HT3) 


Samples were run on a 0.5% agarose gel as described 
in the methods and materials. 
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Sizes of fragments generated by SalI 


Fragment # PRG1251 R478 MIP233 
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Agarose gel electrophoresis of H plasmids digested 
with the infrequent cutter PstI 


(A) phage X digested with HindIII 
(B) pRG1251(HI1) 
(C) R478 (HI2) 


(D)ighEe 233. (HIS) 


Samples were run on a 0.5% agarose gel as described 
in the methods and materials. 
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Table 9 


Sizes of Fragments generated by Pst I 


Fragment # 
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Agarose gel electrophoresis of the HI1l plasmid 
pRG1251 digested with various restriction 
enzymes 

(A) ‘phage xX digested = withs Ecorse 

(B) phage ’. digested with Hinguer 

(C)\ (pRGI 251 idigesved with bam 

(D) pRG1251 digested with PvuII 

(E) pRG1251 digested with AvalII 

(F) pRG1251 digested with Acct 

(G) pRGI251]1 digested= withisaule 

(H) pRG1251 digested with KpnI 

(I) pRG1I251 digested” withitoarl 

(J) phage X digested with HindIII 

(K) pRG1251 digested with BglII 


Samples were run on a 0.5% agarose gel as described 
in the methods and materials. 
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Agarose gel electrophoresis of H plasmids digested 
with Hpal 

(A) phage .% digested with EcoRI 

(B) phage \) digested, wlth yaindire 

(C) pRGT25d4(Hr) 

(D) R478. (HE2) 


(E) MIP233(HI3) 


Samples were run on a 0.8% agarose gel as described 
in the methods and materials 
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Agarose gel electrophoresis of H plasmids digested 
with XbaI 

(A) phage, ) digested with Hindiia 

(B) pRG1251(HI1) 

(€) R478 (B12) 

(D) MIP233 (HI3) 


samples were run on a 0.5% agarose gel as described 
in the methods and materials. 
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Table 10 


Sizes of fragments generated by Xba I 


Fragment # PRG1251 R478 MIP233 
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Agarose gel electrophoresis of H plasmids digested 
wlth Pstl and xAbal 

(A) phage »’ digested with HindIII 

(B)eepRrel 251 (ir) 

(C) R478 (HI2) 

(D)i eMTP233 (13) 


samples were run on a 0.5% agarose gel as described 
in the methods and materials. 
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Sizes of fragments generated by Pst I and Xba I 


Fragment# pRG1251 R478 MIP233 
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Agarose gel electrophoresis of H plasmids digested 
Weill PSG and. Sali. 


(A) phage X} digested with HindIII 
(EB) epRGIZ5 h(HT) 
(C) R476 (Hi2) 


(D) MIP233(HI3) 


samples were run on a 0.5% agarose gel as described 
in the methods and materials. 
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Table 12 


Sizes of fragments generated by digestion with PstI and SalI 


fragment # PRG1251 R478 MIP233 
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aye dpe Nee ALG SW hepsi 22s 
4. Jka eos, S305 L273 
Dy teers 2050 Pca 9 
Ors 23 0) 18) P43 
ee dag 4.76 LOT Gs7, 
Oe LOR G7 De Tite erga’) 
oF 9.84 Dee C220 
LOe 8.47 2206 66977 
Uae 4.81 Ou) 6.36 
2 4.62 a0 4.67 
iS 33,0 LA ots) 4.45 
14 Buvla Lea 7 ae 9 
15 Dope es) Se ulial 4.12 
16 WEEN ey eo 2 $5 1S 
Ly be is! 3.48 
18 ib ley) Leis 
Ri Pe 6 2519 
20%. 49 2 
2 ive Ore 2153.6 
ER PaaS 
233 2206 
24. Lhe ge iT) 
Ze 1389 
ZO. 20 
2% ik Say) 
Bk 

PES) 


Mable: 1.3 


Summary of the total molecular weights of the fragments 


generated by various restriction enzymes 


Plasmid 

PRGL251 R478 MIP233 
Enzyme 
EcoRI 165kb 186kb 213kb 
Salt Lom, 1s5\2 ZoL 
ietshel LZ 134 218 
Xbal GS) 198 (2) 
PstI/Xbal 214 249 22 
Poet oak 133 2aG 20 
Given M.w.* 184 254 230 


a pRG1251:120Md(183kb) ,Taylor & Levine,1980 


R478:166Md(256kb), tn'DWA Insertton Elements, Plasmtds 
anagwepveomes. "IO AIGA Bukata ,oT¢A. 


Shapiro, S.L. Adhya, eds. Cold Spring 
Harber Laboratory, New York.p.133. 


MIP233:150Md (230kb) ,Bradley et Give aoa 
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Bas bscamatton Of theeiragmentestzes generated by 


restriction enzymes 
The sizes of fragments generated by various restriction 
enzymes were predicted using a computer program. Accurate 
estimation of the fragments sizes with this program is 
limited within the size ranges of the molecular weight 
standards (see Appendix 1) . Analysis of the effectiveness 
of this program in the upper molecular weight ranges is 
divensovyetue sollowinge results. Table= 4a. tists the sizes 
of fragments generated in this range for pRG1251 digested 
Withee tbetrom a numbergofl-gels. The program was consistent 
in predicting the sizes of these fragments. Furthermore, 
these did agree with the values obtained from electron 
microscopy of this digest(see section 3.4). In one 
didjest Olsthis subgroup plasmid with Psthyea linear lambda 
standard was included which is an appropriate molecular 
weight standard in the size range of the large molecular 
PragmentswOl, the UW plasmids digested withersti” Inclusion 
of thisastandardhad: ditties eifiecm on. predacting *the 
sizes of these fragments(see Table 15). 
The sizes of the fragments in the upper molecular weight range 
are listed to two decimal places as they appeared on the computer 
printout. These sizes should however be regarded as accurate only to 
the degree indicated by their standard deviation (Table 14). For 
fragments whose molecular weight is within the molecular weight 
range covered by the standard curve, the error is smaller, and in some 
cases listing of the values to two decimal places was necessary to 


differentiate between fragments . 
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Table 14 


Sizes of the large fragments of pRG1251 digested with 


PstI from several gels. 


Gel # Sizes 
ib iy i! eh Th 
low SSin TES 
2 a)45.63 
oy) pod aye 
3 aya 26 
lon once! 
4 a)41.47 
b)33.00 


Standard deviation of fragment a=2.5Kb mean=44.52 
Standard deviation of fragment b=2.3Kb mean=35.72 


Sizes of fragments are given in Kilobase pairs. 
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Sizes of large fragments from PstI digestion as 
predicted with and without a \linear marker 
included in the standard curve. 


pRG1251 R478 MIP233 
Alinear not Awa 6 5726S 50203 
included Some. 46.82 
' Alinear Ae eG SaaS Am 5), 
included 3 4 Sus 46.43 


Sizes of fragments are given in kilobase pairs. 
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3-4. Analysis Of digestion with Pstl 


PeeWeassmentionedfeamit cm ein isecuron (32 Pstiyis jan 
infrequent cutter. For each plasmid, one or two intense 
bands were noted in the upper molecular weight range 
(40-50kb). Since size resolution in this range of 
molecular weights is difficult, the question was raised 
as to whether these bands were a composite of unresolved 
DNA fragments of very high molecular weight which migrate to 
the same region of the gel, or whether these represent a 
single DNA species. This was of particular note when the 
digests were subjected to electrophorsis on a 0.8% agarose 
gel. As well, it must be determined whether digestion 
with this enzyme was complete, and. whether these bands 
were products from incomplete digestion. 

In order to answer these questions, a digest of 
PRGIZ5l)with Pstl was examined by electron microscopy for 
very large fragments of DNA which may be present in these 
bands. Random fields of DNA were photographed and the 
molecules were measured with a digitizer. The sizes of 
these fragments were determined versus pBR322 (4,635kb), 
which was included in the DNA preparations for electron 
microscopy. There was no evidence of very large DNA 
molecules in this preparation. A profile of the fragment 


sizes obtained from this analysis is given in Fig.14. 


co 


ms ef Fred £.€ noitose 
SséeneInt Owes 7 5 (1 
Spnay FHPID 
ic ify alk 
7 : Oo on 
th 
s - r 
‘ qos seentt sedi7s 
- & F goktae 7 
te 
7 4 
ofig 
tin 
ary a 
’ 14 |LizowW 
<pP2rt ni asvico es 
’ 
Fs 


list {siw 


bimasia aan 
a a ae 
1siluoslion tegaqu. 


nottuloser exis Bi 


nO LF 
Yo. 


nb xsi! i Ae , 


5 
_ 


we 


- 


,tfoortTis a 
s sisw abmad oe 
> 


ion dpid yiev 
: i+ Ao not ot 76 
,4 9D Ch. .*) se" stay 


ic . uv e Fit ‘ aeioame | avg 9 » Pe. 
mag iw 
> pe soetdie exe 3 
: mA a 
imsasteoh ed saum FE: Saat 
? | oie. & Bw emyans nai Hd 
stelanoonr’ mo72 assehexy 2 
be | 
p seat tewans oF tebio Al 
aTLi MSR 1B iJ,é 
sisv AMC jo Bs fei? mobaeek 
th « Axiw be tTuessent stew esl 
pnintie2 a 7ew esremosz? s 
1q AVG oefs ai Bebotfont ssw” 
rs st saw SierT + VOI NCH 
. af 
A eat he S28 73 Iq 2 ee hes at eoly 6. 


eins moxzt benisscds 


7 


pe 


83 


The number of molecules examined were not sufficient 
to accurately size these fragments. It was clear, however, 
that the bands in the upper molecular weight range of 
Bone sPstt digest did mMotrcomprise very large fragments 
of DNA which were unresolved. 

Tovdetermine Tesdigescion with Pstiewas complete, 

bacteriophage lambda DNA was added to the digests of 
these plasmids, and the products from this digestion 
were subject to electrophoresis on a 0.5% agarose gel 
(fio. >) tne, digestion with; PStl was, considered 


to be complete based on this result. 
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Fig. 14 


Histogram of molecular weights of PstI digest of pRG125l. 


The fragment sizes were determined versus a pBR322 
molecular weight standard. 
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Agarose gel electrophoresis of H plasmids digested 
with PstI, and bacteriophage 7 internal controls. 
(A) sphage® \ digested with HCoRm 

(B) phage » digested with) Handi re 

(C) pRGLT251 (HID) digested with erse: 

(D) R478 (H1I2) -digested: with, Psti 

(EH) MEP233(HE3) digested wien ser 

(F) pRG1251]1 and phage 2 DNA digestedswith Pser 
(G) R478 and phage» x DNA digested wrth Psti 
(H)=MIP233 and phage) DNA digested wmeh erst 


(I) phage X} DNA digested with PstI 


Samples were run on a 0.5% agarose gel as described 
in the methods and materials. 
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3.5. Restriction enzyme cleavage within a subgroup 


The digestion patterns of plasmids within a given HI 
subgroup were investigated. A group of five HI1l, and five 
HI2 plasmids were compared from various geographical 
locations and different host bacteria (see Table 4). 

These plasmids were isolated by the method of Birnboim and 
Doly as modified inf Sectaon 2°4(D)- “The HI] plasmids 

were digested with EcoRI, and their cleavage patterns 
examined. The plasmids within the HI1l subgroup had similar 
restriction enzyme cleavage patterns and there were many 
bands common to all the plasmids Seana Simplawly, 
when the HI2 plasmids were digested with EcoRI, they also 
showed extensive similarities in their cleavage patterns. 
Howeyer,, there were fewer common bands shared by this group than, by 
the HIl plasmids. These HI2 plasmids were isolated from a variety of 
genera as opposed to the HI1 plasmids which were all originally 
obtained from strains of Salmonella(see Table 2). This may account 
for the HI2 plasmids showing fewer similarities than the HI1 plasmids 


in their restriction enzyme cleavage patterns. 
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Fig. 16 


Agarose gel electrophoresis of HI1l plasmids 
digested with EcoRI 


(A) 


(F) 


phage A digested with EcoRI 
phage 4A digested with Hingiit 
pRG1251 

pRG1271 

pRG1284 

R27 


er l24 


samples were run on a 0.7% agarose gel as described 
in the methods and materials. 
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Agarose gel electrophoresis of HI2 plasmids digested 
with EcoRI 


(A) phage X digested with HindIII 


(B) R478 
(C) R476b 
(D) R826 
(E) MIP235 
(F) TP116 


samples were run on a 0.7% agarose gel as described 
in the methods and materials 
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3.5 DNA Homology Studies 


The following restriction enzyme digests of the three 
HI subgroup plasmids were transferred to nitrocellulose: 
ECORI, PstI, SalI, XbaI, BglII, PstI/xbalI, and PstI/Sall. 
The fragments from these digests were probed for homology 
with a nick-translated HI1 plasmid, pRG1251. The results 
from these experiments show that there was a small amount 
of DNA homology between the HI subgroup plasmids. The use 
of several enzymes afforded an analysis of the distribution 
of fragments showing DNA homology in various molecular 
weight ranges. With most enzymes, either singly or in 
combination, some DNA homology was noted in the fragments of 
higher molecular weight. This was true for all classes of 
enzymes (frequent, moderate and infrequent). Double 
digestion with a combination of enzymes did not reduce the 
number of fragments in the upper molecular weight range 
except in the case of MIP233 digested with Xbal, in which the 
large fragments were unresolvable. Double digestion with 
PstI and XbaI or Sall did not give further information as 
the fragments showing homology were identical to those of 
digestion with PstI alone. 


One very important exception to the observation that DNA 


homology was found mainly in the upper molecular weight 
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range. was with therrestrictionsdigest. Of MIP2e3ewith Pst... 
The homology with this plasmid was restricted to a 2-3kb 
size range (see Table 18). Southern transfers of the 
following digests are shown in Figs. 18, 19, 20, 21: 
EBCORL; )Pstl, Salil; Bollil. Double digestions) are: not shown 
as they did not reveal any further information. The 
Sizes of the fragments showing some DNA homology with the 
nick-translated HI plasmid, pRG125l, are given in Tables 
Gym aeouand 19° 

In another experiment the radioactively labelled HI1l 
plasmid, pRG1251, was used as a probe against four other 
HI1l plasmids. The results from this experiment were that 
there was extensive DNA sequence homology within this 
Subgroup... This tise shown to hig.2 2). 

A small amount of homology was noted with the incHII 
plasmid probed with the HI1 plasmid. The fragments showing 


homology were in the upper molecular weight range (Fig.18). 
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Big. 18 


Hybridizations between H plasmids. The °?P -labelled 
probe is the HI1 plasmid pRG1251,hybridized against 
EcoRI digests of the plasmids 


(A) 


phage X digested with EcoRI 
phage A digested with HindIII 
DRGI25 1 

R478 (HI2) 

MEP2Z33. (Hi3) 

PHH1508a (HIT) 

PRG1251 

R478 

MIP233 


pHH1508a 
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Table sro 


EcoRI fragments showing homology with the 
SP labelled plasmid pRel2ou = 


R478 (HI2) MEP2Z335 (His) PpHH1508a 
Peagment# size fragment# size fragment# size 
i OLR NS: if 227.04 1 Siena 
2 Meee hS: 3 JES ie ARS: 2 20.00 
5 BIR S (oO 10.58 S 18.24 
(G77) Seo 9.94 Bd 52.85 

8.00 (S379) 3200 is SeeO 
Ol) 6.64 Tet 6 

6:26 20 TESS), 
Gli, o.) 3.54 

She eye 
Bot. AL eho: 


fragment sizes are given in kilobase pairs 


Identification of the exact band showing homology was not 
always possible because of the close proximity of the bands 
in the agarose gel. When this was the case, the bands are 
listed in brackets. The interpretation should therefore be 
that any or all of the fragments given in brackets may have 
been responsible for the homology noted. 
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Pug. 19 

Hybridizations between H plasmid. The °*P labelled 
probe is the HI1l plasmid pRG1251, hybridized against 
SalI digests of the plasmids. 

(A) phage » digested with HindIII 

(B) pRGIZ51 

(C) -R478(HI2) 

(D) “MI P233:(813) 

(E) pRG1251 

(F) R478 


(G) MEP233 
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SalI fragments showing homology with the 32p - 


Table 17 


labelled HI1 plasmid pRG1251 ° 


R478 


fragment# size 


(le) 4Pe27 
| 34.53 
8 4.62 


MIP233 
fragment# 


(2,3,4) 


20 


size 


2of09 
DES OD) 
223.0 
2759 


Sizes Of fragments asegiven in kilobase @pairs 


Identification of the exact band showing homology was not 

always possible because of the close proximity of the bands 
When this was the case, the bands are 
The interpretation should therefore be 
that any or all of the fragments given in brackets may have 


in the agarose gel. 
listed in brackets. 


been responsible for the homology noted. 
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Hybridizations between H plasmids. The **P-labelled 
probe is the HI1 plasmid* pRGIL251, hybrrdizedq agains 
Esti digests of ther plasmids. 

(A) phage » digested with EcoRI 

(8) (pRGI251 

(C) R478 (HI2) 

(Dy SM EP? 3S 13) 

(E) pRG1251 

(F) R478 


(G)- MIP233 
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PstI fragments showing homology with the °**P 
labelled HI1 plasmid pRG1251+ 


R478 (HI2) MIP233 (HI3) 
fragment# size fragment# size 
(lie? 2) aes) (ele dao} Be oe 

45.63 3.24 
4 4°09 25 by AUG 
6 Dea 


sizes of fragments are given in kilobase pairs 


Identification of the exact band showing homology was not 
always possible because of the close proximity of the bands 
in the agarose gel. When this was the case, the bands are 
listed in brackets. The interpretation should therefore be 
that any or all of the fragments given in brackets may have 
been responsible for the homology noted. 
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Hybridizations between H plasmids. The 3*P-labelled 


probe is the HI1l plasmid pRG1251 hybridized vacqamnae 
BglII digests of the plasmids. 


(A) phage Adigested with HindIII 
(B) pRG1251 

(C) R478 (HI2) 

(D) MIP233 (HI3) 

(E) pRG1251 

(F) R478 


(G) MIP233 
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BglII fragments showing homology with the 


Peieolasmid pReies ia. 


R478 
fragment# size 
melLetorn 3 4.) 26.95 
PLE ag 1 
2a 
LSS On 
14 S04 


MIP233 

fragment# size 

Cr eS) 25.00 
20250 
isp al 


fragment sizes are given in kilobase pairs 
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Identification of the exact band showing homology was not 

always possible because of the close proximity of the bands 
in the agarose gel. When this was the case, the bands are 
listed in brackets. The interpretation should therefore be 
that any or all of the fragments given in brackets may have 


been responsible for the homology noted. 
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Fig. 22 
Hybridizations between HI1l plasmids. The **P-labelled 


probe isthe HI1 plasmid pRG125l1,hybridized against 
EcORI digests of the plasmids. 
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(B) TP124 
(GQ) IepRelo7d 
(D) pRG1251 


(E) pRG1284 
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CHAPTER IV 


DISCUSSION AND CONCLUSIONS 


4.1 The Isolation of H plasmids 


Since plasmid DNA represents only a small fraction 
of the DNA present in the cell, isolation procedures have 
been designed to separate this DNA from the chromosomal 
DNA. All these techniques take advantage of the 
differences in the physical properties of plasmids versus 
those of the chromosomal DNA. The chromosome is large, 
and is extracted from cells as broken linear molecules 
which can be removed by precipitation with tangled cell 
debris, whereas plasmids are generally extracted as 
covalently closed circles. In addition plasmids are 
resistant to certain chemical or physical treatments. 
Because plasmids exist as covalently closed circles, the 
DNA strands of these molecules cannot be separated without 
breaking one of these strands. Within a narrow range of 
pH(12.0-12.5) plasmids are resistant to strand separation 
whereas the chromosomal DNA will denature into single 
stranded DNA. If the pH is then adjusted to neutrality, the 


plasmid DNA will return to its native state, while the 
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chromosomal DNA will form an aggregate which can then be 
separated by centrifugation. Treatment of lysates with 
heat has a similar effect. Chromosomal DNA and plasmid 
DNA can be separated from each other in CsCl ethidium 
bromide density gradients. This separation requires that 
the plasmid DNA is supercoiled, that is there are no nicks 
in either of the strands of the plasmid DNA molecule (a 
nick is a breakage of a phosphodiester bond). If plasmid 
DNA is nicked, then the supercoiling of these molecules 

is removed and the plasmid DNA is termed relaxed. The 
separation of plasmid DNA from chromosomal DNA in these 
gradients is based on the fact the CCC DNA binds less 
ethidium bromide than linear or nicked plasmid DNA. 
Ethidium bromide is a dye which intercalates between the 
bases in DNA, causing it to unwind. As a result the 
chromosomal DNA is less dense than CCC DNA, and it is this 
difference in density which allows these two species to band 
at different densities in the gradient. Plasmid DNA 
consequently forms the lower band in the gradient (Radloff 
fet -ain., 1967)... “From these tobsenvatrons yor, thevditferent 
properties of plasmid DNA versus chromosomal DNA, it is 
apparent that the larger the plasmid, the more closely its 
properties will resemble those of the chromosome, and it 


therefore becomes increasingly more, diftficuwte. to 1solate 
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large plasmids like those of the H group. Large plasmids 
are more readily susceptible to breakage by shear force and 
differential removal of chromosomal DNA from large plasmid 
DNA by centrifugation or salt precipitation may also pose 
problems. 

Several methods have been reported for isolating large 
plasmids DNA (Hansen & Olsen, 1978, Currier & Nester, 1976). 
The procedure described by Currier & Nester involved shearing 
of the chromosomal DNA, alkaline denaturation, neutralization 
and removal of the denatured DNA by phenol extraction, and 
finally recovery of the plasmid DNA by ethanol precipitation. 
The plasmid DNA was then purified by CsCl ethidium bromide 
density gradient centrifugation. Currier & Nester reported 
that approximately 80 - 90% of the CCC DNA was lost in the 
initial shearing step, but that by using large volumes of 
lysates, one could recover plasmid DNA from CsCl gradients. 
The Hansen & Olsen procedure was similar to the procedure 
of Currier & Nester except that the chromosomal DNA and 
membrane pieces are removed by salt precipitation. Currier & 
Nester reported that recovery of large plasmid DNA by salt 
precipitation gave consistently low recovery and degree of 
purification for large plasmids. Other methods, for example 
like the sarkosyl lysate method (Bazaral & Helinski, 1968) 


separate the large plasmid DNA from the chromosomal DNA 
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by buoyant density alone. In the Kado & Liu method 
(section 2.4), the chromosomal DNA is denatured by heat 
and alkali, and removed by phenol extraction. 

Three methods were used in this study to isolate 
H plasmid DNA. Two of these methods had been specifically 
reported for the isolation of large plasmids. These 
were the method of Kado & Liu (1981) and the sarkosyl lysate 
method of Bazaral and Spsiltuaciet (1968). H plasmid DNA 
was isolated by both methods, however the yields obtained 
from the Kado and Liu method were unsatisfactory. A third 
Metnod, =that of Birnboim and Dolly "C1L979) whic nad nor 
specifically been reported for the isolation of large 
plasmids also proved to be effective in their isolation. 
This method involves an alkaline lysis step followed by 
neutralization and removal of the aggregated chromosomal 
DNA by centrifugation. The membrane pieces and proteins 
are salt precipitated. 

In summary, H plasmids were isolated by all three 
methods. The Kado and Liu method yielded unacceptable 
amounts of plasmid DNA. The sarkosyl lysate method gave 
reasonable amounts of DNA, but was costly in that it 
required a great deal of CsCl. The Birnboim and Doly 
method was efficient both time and cost-wise, and gave 


suitable amounts of plasmid DNA for restriction enzyme 
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analysis. The appearance of a third band in the gradients 
obtained from this method does not affect the results from 
restriction enzyme digestion, and poses few problems for 
the use of the plasmid DNA obtained with this method. From 
150mL of cells, the yields of DNA obtained with this method 
were comparable to those obtained with the sarkosyl lysate 
method prepared from 500 mL of culture. The reason for this 
is probably two fold. The Birnboim and Doly method uses 
Overnight cultures, while the sarkosyl lysate method used 
mid-log cultures due to the capacity of the CsCl gradients. 
Secondly, the fact that the plasmid DNA is banded twice in 
the sarkosyl lysate method procedure results in a loss of 
CCC DNA. 

The use of a protease treatment in the isolation of 
H plasmids appears to be of some significance, as noted in 
particular with the Kado and Liu isolation technique, in 
which there was a noticeable increase in the yield of CCC 


with protease treatment. 
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4.2 Restriction Enzyme Analysis 


Restriction endonucleases are enzymes which recognize 
specific sequences within double stranded DNA. Type II 
restriction enzymes are useful tools for molecular biology. 
The recognition sequence for these enzymes is typically 
4 to 6 nucleotides in length with a two fold axis of 
symmetry. The specificity therefore allows reproducible 
fragment patterns to be generated by a given enzyme for a 
given piece of DNA. The fragments can be resolved on the 
basis of molecular weight, by electrophoresis through an 
agarose or acrylamide gel system. The fragment pattern 
generated is called a restriction enzyme fingerprint as it 
is unique for each type of DNA. For fragments less than 
1 kb in size, a polyacrlyamide gel system is used to resolve 
the fragments. 

Restriction enzyme fingerprinting has been used to 
study the molecular relatedness of plasmids (Thompson et al, 
1974). Previous molecular studies of H plasmids have 
revealed that there is little DNA sequence homology between 
the H plasmid subgroups. These studies gave an estimate of 
the percentage homology amongst these subgroups. More 
detailed studies including restriction enzyme digestion were 


undertaken in this study to confirm and extend these 
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earlier observations. 

A diversity in DNA sequences amongst plasmids from the 
three HI subgroups was noted by comparing restriction 
enzyme digestions of a representative member of each sub- 
group. This was evident from the observation that there 
are no apparent common bands between all three subgroup 
plasmids. It was worth noting that there were trends in 
the frequency of cutting with a given enzyme. These trends 
in the frequency of cutting will be useful for further work 
such as restriction mapping of these plasmids. The H 
plasmids have been shown to have similar buoyant densities, 
and therefore similar G+C content (Whiteley & Taylor, 
manuscript in preparation), and this may account for the 
trends noted. 

Within a subgroup, molecular relatedness was demonstrated 
by Similar cleavage patterns. This was shown to be true for 
plasmids from both the HI1l, and HI2 subgroups. [In addition, 
despite the fact that the plasmids chosen in these experiments 
came from different geographical sources and hosts, they still 
demonstrated similar cleavage patterns. MIP233 is the only 
member of the HI3 subgroup, so that the major comparison 
was between HI1l and HI2 plasmids. The similar restriction 
enzyme patterns within a given subgroup may be useful as a 
diagnostic aid to assist in the assignment of an H plasmid to 


a given subgroup. 
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4.3 DNA Homology Studies 


The -methods™used™ by Grindley et aly 1973, and 
Roussel and Chabbert, 1978 (see section 1.1[D]) in the 
studies of the molecular relatedness of plasmid 
incompatibility groups gave an estimate of the percent of 
DNA sequence homology between plasmids. With the advent 
of more advanced molecular biology techniques, more precise 
identification of DNA sequences showing homology are 
available through Southern transfer DNA hybridization 
techniques. Southern transfers are prepared from 
restriction enzyme digests in which the fragments are 
transferred to nitrocellulose membranes. The pattern of 
fragments is conserved in this transfer. The fragments are 
then probed with a 'nick-translated' plasmid for sequence 
homology such that the DNA sequences in common with the 
probe are identified on specific restriction fragments. 

The DNA sequence homology amongst the H plasmid 
subgroups was investigated using these techniques, with a 
nick-translated HI1l plasmid as a probe. This was considered 
a natural extension of the restriction enzyme digestion 
experiments since it had been previously reported that a 
diversity in restriction enzyme patterns does not 


necessarily mean a lack of significant DNA homology 
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(Constantino et al, 1981). A number of restriction 
enzyme digests were transferred to nitrocellulose and 
examined for fragments showing homology. In general, 

the fragments showing homology were mainly the larger 
fragments produced from the digestion. The one exception 
to this of note was the digest of MIP233 with PstI 
(section 3.5). 

The hybridization studies of Roussel and Chabbart, 
(1978), estimated the percentage of DNA homology amongst 
the H plasmid subgroups to be between 1 and 14%. Zin 
particular, HI1l and HI2 plasmids showed between 3 and 14% 
homology, and the HI3 plasmid, MIP233 showed between 1 
and 6% homology with HI1 and HI2 plasmids. The use of 
Southern transfer JDNAhybridi ZatiOnsm=ror atie duantttation 
of homology is difficult for several reasons and is 
therefore rarely used (Southern, 1981). For a given band 
showing homology it is not clear what percentage of this 
fragment is homologous with the probe. Furthermore, 
quantitation of this value based on the intensity of the 
band may be of some difficulty because large fragments may 
not transfer completely from the gel and film detection 
methods other than direct autoradiography do not give a 
linear response. The distribution and number of fragments 


showing homology varied with the enzyme used. The frequent 


Tis 


ty 7 ’ - . 
. 3 Oa 
nolsslistes: to yeas es 
. ipl) ae 
bos seciuiiesotsin ot bertIs2ene 
isaeneyp al .ypolosiad paiwore 2: aay: 
sepzeal ed yintem saew Yeolonor myer. 


noijaeoxe soo scqt ,ao0iteeplb eff moma oaeme 


3eG rtiw C&SGim to, Seepekb ois, Sew rer 


’ 
wa 


= - 
~ . « " 7 ya Hy — 
siden.) Df TsyesuoOn 26 Be rbuse nosteg Ds 1 


‘ ; or 
‘ es Sor 

¥,(¢ . spsinecisq efd Deteiioae ss 
c cS 


‘ <1 ywenS ’ , 
.#hl hoe ifewsed od Ot RQUOTEIuNe bimar -g 


7 ~aa Sae 
ne ow 7 ec haword & ehim2esia Sia Drs 1th * A fs 


gy 


¥ 
wolfe £ESTIM ,bimesia £28 se eee ae 


ee. oanT ebimasiq SIH Bree [2h dtiw ypote of 20 
ag ee 

5 5 ut 7 

vo oft 160% enoltdesibindyl! AW gestae ee 


» 


rroesst isusves 10%, tluott? th ge eee 


sevwin « 1to% .{I8@l ,nmtedivo?) besv Yieaee s10%@ 


7 
Ps 
id? 30 epesasotsq 3srnw tselo,ton et 32 Yeo Eane wae 


a 

tent 

wixertavt ~.edeitaq sift ddtw, evopolomeg el tren 

sit to velanassot edt mo beesd, outlay eidd Be geese sem 
wtpstt eptel sevsoed yolvottiib. emee Gone eee 


icicpetseb mii? bas Isp. offs mot? yietseignuey, usitenss 


, 
= . = 
7 


istpoibetojLus Joe rib nsAit tefso 


fig 
* » 


‘ 
eA. 
erpet? %o tedewn bas moltudiztei® edT  -SsSRGees ae 


ia 
yz2 ect? _boaw emyane ete dtitw berisv yraLemon pert 

_ , Vv. 7 

a ot 


cutter, EcoRI showed the most number of fragments with 
some DNA homology with pRG1251 (between 7 and 10), 
whereas the infrequent cutter PstI gave the least number 
of these fragments (3-4). The error of interpretation 

of this technique with regard to the quantitative 
assessment of the percent of DNA homology is clearly 
demonstrated with the plasmid MIP233. In the case of 
this plasmid digested with EcoRI, the sum of the fragments 
showing homology with pRG1251 represents about 32% of the 
total DNA, and for the infrequent cutter PstI, this value 
Psg4./%.. Rather it cansbevsatd> that the Pstl digest sor 
MIP233 in which the fragments showing homology are 
minimized in the range of fragments of lower molecular 
weight (about 3kb in size) is about the best quantitative 
observation from these experiments concerning homology 
with this plasmid and pRG1251, although this is again an 
overestimation of the percent of homology within a given 
fragment. With the other digests of MIP233 this 4.7% 
homology is distributed throughout a number of fragments, 


some of which are in the upper molecular weight range. 
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In the case of R478(HI2), a maximum estimate of the homology 


is between 29 and 38% when taking into account the total 


molecular weight of the fragments showing homology with 
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PRG1251. Again this is an overestimation of the per- 
cent of homology and appears to be large because the 
homology in this case is seen in the fragments in the 
upper molecular weight range. These fragments are much 
less intense than the fragments of pRG1251 hybridized 
against itself in the same molecular weight range, 
indicating that not all the DNA in the fragments of 
R478 oa the upper molecular weight range is homologous 
to pRG1251 DNA. 

The conditions under which hybridizations are 
performed determine the stability of the hybrids formed. 
These conditions determine the stringency of the reaction. 
Ths in turn is “largely a function of the Im Crenat 
temperature at which 50% of the helical structure of the 
DNA is lost) of the hybrids,which is affected by such 
parameters as salt conditions and formamide concentration 
in the reaction. The rate of reannealing of DNA is 
maximal at 20-25 degrees below the melting temperature (Tm), 
and hybridization is generally carried out under these 
conditions (Wetmur & Davidson, 1968). These conditions 
are considered to be quite stringent since for every 
1% base mismatch between DNAs', the Tm is lowered by 1.4 
degree C (Hyman et al, 1973). Therefore at a Tm-20° C 
one will detect only those hybrids in which there is 853% 


Or greater base pairing. 
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Tm as determined as a function of formamide, salt 
concentration (Na+), and G+C content is determined by 
the following relationship (Howley et al, 1979). 


Tm = 81.5 + 16.6(1logM) + 0.41(%G4+C)-0.72(%formamide) (1) 


where 
M = monovalent salt concentration 
SGtC =" the! percentage, of guanine plus cytosine residues 


in the DNA 


From this relationship, the higher the salt concentration, 


and formamide concentration, the lower the Tm. 


The quantitation of the kinetics of hybridization 


of DNA immobilized on nitrocellulose filters “1s -dirticult 


to predict partly because the concentration of DNA bound 
eoechestilter and Lts-availability for hyorudazaeronvare 
unknown. The equations for these reactions have been 
described by Flavell et al (1974). 

Howley et al’ (1979), — studvedunyoridzrzationy of viral 
DNA immobilized on nitrocellulose filters under varying 
concentrations of formamide. Under stringent conditions 
(50% formamide, 37°C) five of six bases matched in a 
hybrid will be thermally stable. They determined that 
19.23 + 2.6 of the SV40 genome was homologous to BK DNA, 


a result of which was in good agreement with previous 


findings that one could detect 20% homology between these 
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genomes under stringent conditions by solution hybrid- 
izations. Under less stringent conditions, (same 
temperature, less formamide) more homology was detected 
by this? method* of° filter: hybridizations 
Stringent washing conditions are close to the Tm of 
the duplex (these should be slightly below 5° c of 
thes ilm ofr the®hybrid ini question’ (Mantatis® et7als e198)" 
Using equation (1), the conditions for hybridization 
used in the experiments in this study are evaluated 
as follows: Hybridizations were performed with 5X SSC, 
50% formamide. The Tm under these conditions is 64° C. 
The hybridizations were performed at 43° C, which is 21° C 
below the Tm. These conditions are therefore stringent. 
The washing conditions for these hybridizations were 
pertormed. in® OS LXSSC at 6570C. The Tm of the DNA under these 
conditions is determined using equation (1) at 73° C. 
The washing conditions were therefore at 8° C below the TM 
of the hybrids. Again these are stringent conditions. 
The hybridization experiments performed by Roussel and 
Chabbert (1978) were also performed under stringent 
conditions. ~The hybridization: conditions? were! in’ 50% 
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conditions as determined by equation (1) is 21 degrees C 
higher than the hybridization temperature. The washing 
conditions were equivalent to the hybridization conditions. 
The hybridization conditions from these studies match 
those of the Southern transfer DNA hybridization studies 
presented here, and therefore the fragments showing 
homology are those which were responsible for the homology 
observed by Roussel and Chabbert. 

The conditions for hybridizations performed within a 
subgroup (HI1) were identical as those between subgroups. 
Extensive sequence homology was demonstrated amongst the 
group of HI1l plasmids used in this study. Based on this 
observation it is not unreasonable to assume that the HI2 
plasmids which have similar cleavage patterns would also 
demonstrate extensive sequence homology, as would be 
predicted from the findings of Grindley and Roussel and 
Chabbert. 

Table 21 lists the common phenotypic traits shared 
by the plasmids used in this study. It can be suggested 
that fragments showing homology contain some of the genes 
responsible for these traits. All three subgroup plasmids 
are incompatible with each other and the genes responsible 
for this may be amongst the fragments showing homology. 


pRG1251, and R478 both -.encode for resistance to tetracycline 
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and chloramphenicol. All three subgroup plasmids produce 
H pili. MIP233 has no antibiotic resistances in common 
with pRG1251, and the homology noted with this plasmid as 
particularly pointed out with the PstI digest may 
be specifically involved in incompatibility or transfer 
functions. Finally, the restriction fragments showing 
homology with pRG1251 for the incHII plasmid may contain 
the genes primarily involved in pili production or some 
aspects of transfer since this plasmid is compatible 
with incHI plasmids. 

H plasmids were initially divided into two groups 
based on their incompatibility reaction with F factors 
in the autonomous state. HI1l plasmids were incompatible 
with F factors, while H2 plasmids were compatible with F 
(see section 1.5). Hl and H2 plasmids have been further 
distinguished in that Hl plasmids have been primarily 
associated with chloramphenicol resistance in Salmonella 
typhi, while H2 plasmids were originally described in 


non-typhoidal strains of Salmonella and in Serratia 


marcescens, they have also been found to mediate antibiotic 


resistance in other Enterobacteriaceae. It would appear 
therefore that these plasmid subgroups have evolved 
separately in different genera which may account for the 


small amount of DNA homology between these groups. 
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Table 20 


Common phenotypic traits shared 


by the H plasmids used in this study 


Plasmid Incompatibility Resistance H pilus § Incompatibili 
group markers PEOCUCTION] “wrem PRGI251 

pRG1251 Hee ApCmSmSpSuTc =} + 

R478 Fee CmKmTcTe a + 

MEp7233 HES Te ap + 

PHH1508a HII (SmTp)*,Te a . 
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4.4 Concluding remarks 


Successful isolation of H plasmids has allowed them 
to be characterized on a molecular level. For future 
studies, the Birnboim and Doly method of isolation allows 
Simultaneous isolation of a number of H plasmids and by 
further scaling up this method, it should be now possible 
to isolate large quantities of H plasmid DNA. 

These studies investigated the molecular relatedness 
of the H plasmids by restriction enzyme analysis and 
further by Southern transfer DNA hybridization techniques. 
Identification of the fragments showing DNA homology is 
useful to further characterize the H plasmid group. 
Presumably the restriction fragments contain some of the 
genes responsible for the incompatibility, replication and 
maintenance functions, or for transfer genes. Despite the 
large size of these plasmids the lack of DNA homology 
between the subgroups lends itself to identification of 
common genes. Cloning of these fragments and identification 
of the genes on these fragments would allow the nature of 
H phasmids stocbecbetterbunderstoodiaaThe cloning): of; the 
small fragments of MIP233 showing homology with pRG1251 
would be a good starting point for these studies. 

In addition this study appears to be the first attempt 
at characterizing sequence homology between HI and HII 


plasmids. 
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APPENDIX 1 

Computer program for sizing DNA fragments 

Estimation of the size of DNA fragments from 
agarose gels can be determined by several mathematical 
relationships. The size can be determined approximately 
by plotting the log of the molecular weight versus 
the distance migrated or the size may be plotted 
againstiebhesyreciprocal of mobility (Southerm, 1979). Both 
of these relationships give a straight line for fragments 
of small molecular weight and curve in the large molec- 
ular weight range. Estimation of molecular weight 
by graphical means introduces unnecessary errors(Southern, 
1979: Schaffer & Sederoff,1981). 

Southern(1979) described a relationship based 

on the linearity of, }the plot of size versus the recips.=” 
rocal of mobility which coprects for the curve in) this 
plot in the upper molecular weight range to a straight 
line by plotting length(L) vs. l1/m-m,, where m=mobility 
and m, is a correction factor which is described as 
follows: 

iis. a Wc kg Ai) 

then L= k x 1/m where k is a constant. 
Tf the plot of b versugwiyim sla curve wthenerne 
measurements can be made {to Tit a line by the +,elation— 
ship: 
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L = k,/(m-m,) + k (1) 


2 
where ms is®a "correct on#factor "such "that three 
lines join three points with the same slope. A 
standard curve for this equation for three standard 
1 Lo, and L. and mobilities 


respectively can then be generated 


points with lengths L 


My, M5, and Mm. 


assuming that ky and®k*"are: constants. tmPfrs 


2 
then solved as 
eMac eeet, bee) eaten see 


(Lo-L,) (mj-m,)-(L)-L.) (m3-m) 


Finally, the values of ky and ky can be solved for 


given m, ,using equation (1) 
Sine ee 


(m,-m.) (m,-m,) 


ky — Ly -k) (m Mo) 


Using this relationship the lenghts of unknowns 
EOwn 


di EP 


This is a very useful relationship for measuring 


can be predicted within the size range L 


the sizes of molecules over a wide range of fragment 
sizes, as was the case with the restriction digests of 
the H plasmids. The computer program used in this 
study is based on this relationship except that 


it is expanded to include more than three points 


1s)S) 


for the standard, and it uses a least squares analysis 
of the equations. It would therefore account for 

the portion of the standard curve which deviates from 
linearity. The drawback of this program is that its 
accuracy is limited to the size range of the standards. 
This is of particular disadvantage with the infrequent 
cutters which generate fragments in the upper molecular 
weight range. This problem would however be present 


with other types of analysis. 
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Example l. 


Use of the computer program. The HindIII fragments of 
phage lambda are used as a standard curve, and the mobility 
of the EcoRI fragments of lambda are the unknowns. 
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The sizes of the EcoRI fragments agree with the published 
values. (Table 6) 
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Computer program for sizing restriction fragments 


as adapted for use on the computer at the University 


of Alberta. 
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